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AI^rmACTERIAL CHIRAL 8-(iiUBSTUi)Tl!a> PIPERIDINO)-BENZO 
QDINOUZINES, PROCESSES, COMPOSITIONS AND METHODS OF TREATMENT 

Held Of Hie Invention 

This invendon relates to 8-(substituted piperidmo)4}eiizo Og] quinolizmes, to processes for tbdr 
preparation and to pharmaceutical con]qpositions compridng 8-(substitiited piperidino)4)enzo |1J] 
quinolizines. 

These compounds and conopositions possess potent ac^vity in trea&og local and systemic 
infections, particularly infections caused by senative and resistant Gram-positive organisms. 
Gram-negative organisms, mycobacterial and nosocomial pathogens^ and particularly those 
belonging to the staphylococcus, streptococcus and enterococcus groups. 
Also, disclosed are metiiods for treating the diseases and disorders arising from the foregoing 
infections in hmnans and animals by administering the compounds of the invention to said 
humans and animals. 

Background Of The Invention 

The active compounds of this invention are related to and derived from the fluoroquinolone 
antibiotic [(±)-9-fluoro-8-(4-hydroxypiperidin-l-yl>5-methyl-6,7-di^ 

[iJ]quinoli2ine-2-caiboxylic acid disclosed in JP Patent No. 58,90,511 and US Patent No. 
4,399,134. 9-Huoro-8-(4-hydro}jypip^din4-yl>5-metiiyl-6,7-dihydro-l^ Dj] 
quinolizine-2-caiboxylic add has an asymmetric carbon atom at the 5-position thereof RS-(±)- 
9-fluoro-8<4-hydroxypiperidin-l-yO-5-mefliyl-6,7Hiihydro-l-oxo-lH^ pj] quinolizine 

^2-caibo3qdic add comprises two optically active isomeis. In describing an optically active 
compound, the prefixes R and S or D and L are used to denote the absolute configuration of the 
molecule about its dural centre(s). Hie prefixes (+) and (-) or d and 1 are employed to desigiuate 
the fflgn of rotation of plane-polarized light by the conq)ound, wifli (-) or ! meamng that the 
conq>ound is levorotatory. A compound prefixed with (+) or d is dextrorotatory. Compounds 
having a single diiral centre exist as a pair of enantiomers, which are identical except that they 
are non>supmmposable mirror images of one anotho:. A one-to-one mixture of enantiomers is 
often referred to as a racenuc mixture. Racemic 9-ftuoro-8-(4-hydraxypiperidin-l-yl)-5-methyl- 
6,7-dihydro-l-oxo-lH-5H-bmzo[iJ]quinolizme^2-<x^ add is said to derive its biolo^cal 
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activity priniarily fiom the S-^-)-enaxitioina'. The optically active S-(-y-9-fIuQro-8*(4- 
hydroxyinperidin-l-yl>S-metiiyl-^J-^yd]X>-l^^ 

acid [af^D -312.0 is obtained as disclosed in Chem. Phaim Bull 44 (1996), page nos. 642-S 
and Jpn. Kokai Tokyo Koho 3P 63,192,753. The optically active R-(+)-9-fluoro-8-(4- 
5 hydi033i)iperidin-l-yl>5-methyl-6,7-dihydro-l 

add, [aJ^D = +312.0, is obtained as disclosed in JpaKokai Tol^o Koho IP 63,192,753. 
Pharmaceutical compositions of RS-(±)-9-fluoib-8-(4-hydroxypiperidin-l-yl)-5-methy 
dihydro-lK)Xo-lH-5H-benzo[iJ]quinolizine-2-caiboxylic add are disclosed in US Patent No, 
4,399,134 and US Patent No, 4,552,879. 

10 

To om- knowledge no 9-fluon>-8-{4-hydroxypiperidin-l-yl)-5-methyl-6,7-dihydro-lK« 
benzo[ij]quinoli2in^2-caiboxylic acid derivatives are known in which the 8-(4- 
hydroxypiperidino) moiety is further substituted. However, Patent No. EP 
0241206 A2 gen^cally lists quinolone 3-carboKylic add derivatives in which fhe 
15 fluoioqumolone core (R?=cyclopropyl, X=fluoro, Ri = methoxy) 

has Y as the 7-substituent which is either a 4-hydroxypiperidino moiety or a 3-methyl-4- 
hydroxypperidino moiety, of which only the compound bearing the 4-hydroxypiperidino 
substitumt is dted as a preferred compound. 



20 In the compoimds of formula I of our invention, when for instance the 8-substttuent in the 9- 
fluoro-8-(substituted piperidin-l-yl>5-methyl-^,7-dihydro-l-oxo-lH-5H-*enzoiy]quinoi^ 
2-caibQ;9ylic add is 4-hydroxy piperidm-l-yl, in *v^ch Ri, R2 or R4 have the defined meanings 
as substttuents at positions 2-, 3-, 4-, 5 - or 6* of the 4-0H-pip?ridine ring, new asymmetric 
centres are introduced in the compounds of the invoition leading to mixtures of isomeric 

25 compounds. One substitution pattern is shown by the following grapUc representation. 




The graphic representations of racemic, ambiscalemic and scalemic or enantiomerically pure 

compounds used herein are taken from Maehr J.ChenLEd 62,114-120 (1985): solid and broken 

wedges are used to denote the absolute configuration of a chiral dement; wedge outlines and 

2 
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dotted and biokea lines denotes enaotiomerically pure compounds of indeterminate absolute 
configuration; wavy lines indicate disavowal of any stereochraiical implication wbidi the bond 
it repieseats could generate; and solid and hrokm lines as in the fonnula above are geometric 
descriptors indirrflt^^g the relative configuration shown but specifically dmoting racemic 
5 cliaiacter. 

The compounds of the invention vAdch are derived from S-(-)-9-fluon>-6,7-dihydro-8- 
(substituted inperidin-l-yO-5-methyl-lH)xo-lH,5H4)enzoIijl add have 

one asymmetric centre which is fixed, viz. the 5(S)-methyl substituenL Additional asymmetric 
10 centres arise dependmg on tiie positions of the substiturats in the 8-sabstituted piperidtn-l*yl 
moiety of the title compounds of this invention 

For any vahie of Ri otha- when 1U=H with KsHEU^H and as defined in this invention, two 
asymmetric centres arise at 03 and C4 in the 8-substituted pqperidin-l-yl moiety of the 

15 compounds of the invention. For instance, when Ri=CB3 and Rrf=R3=R^^ ^icre are four 
possible isomers of a stracture having two asymmetric carbons: (RR), (RS), (SR), and (SS). 
Adopting the convention that the first denoted chiral centre is at C-4 of the 4-hydroxypiperidine 
moiety and fiie second is at C-3 of the 4-hydroxypiperidine moiety, compounds of the invention 
with two asymmetric centres at C-4 and 03 of the 4-hydroxypiperidine moi^ will henceforth 

20 be referred to as (4R, 3R), (4R, 3S), (4S, 3R), (4S, 3S) isomers. As the chfraUty of S-(->-9- 
fluoro-6,7-dihydro-H4-bydn)xypipwidin-l-yl>5-meA^ DjI quinolizine- 

2-catboxylic add is fixed, tiie compounds may comprise a mixture of foiu^ diastereomers of S-(- 
>9-£hioro-6,7-dihydro-8<4-hydroxy-3-methylpiperidin-l-yl>5-mett^^ 

quinolirine-2-carboxylic add, in proportions that can range firom a 100% mixture of 5S-trans 
25 isomers (4R,3R) and (4S,3S) to a 100% mixture of the 5S-ds isomers (4R,3S) and (4S,3R). 
Furthermore^, because the two sets of cis and trans isomers are diastereomers, they can be 
separated on tibe basis of chemical properties such as sohibility and crystallisation in achiral 
media,orbychroniatographyifneedbe, butthereisnoneedtodoso. Purtiiermor^ the mixture 
of ds isomere or tiie mixture of trans isomm can be separated into pure optically active ison^ 
30 by any one of the chiral tedmiques known to those skilled in the art. 

Anotiier case arises when Ri has a value other dianRi^H, R4 is a substttuent at the 2- or 5- or 6- 
positions of the 8-substituted pperidine moiety and has a value other than H but the same value 
as Ri and Rr=R3=BL For instance^, when RiOBb, RiHRa^H, R^-C3EB, there arise two 

3 



wo 01/85728 



PCT/INOl/00100 



asymmetric oenttes at C-3 and C-S» iwith C4 being admal in the 4-hydr0xypipaidine moiety of 
the compounds of liie invendon, resulting in four posdble isomers of a structure ha^dng two 
asymmetric caibons^ viz. tians-(SRX tnans-(RSX Gis-(SR) and cis^^S). Adopting the 
convention tliat the first denoted chiral centre is at C-3 of the 4-hydraxypq>eridine moi^ and 

5 the second is at OS of the 4*hydFoxypip3ridine moiety, compounds of invention witii two 
asymmetric centres at C-3 and C-S of the 4-hydro?^q)eridine moiety will henceforth be 
referred to as trans^3R,5S), trans<3S,5RX ds-(3R,5S) and cis-{3S,5R> As the dmality of S-i-^ 
)-9-fcoro-^,7-^ydra-8-(4-hydro5!ypiperidin-l-yl>-5-m pj] 
quinolizine-2-caiboxylic acid is fixed, the compounds may comprise a mixture of four 

10 diasteneomers of S'^-)-9-fluoro-6,7-^ydro-8-(4-hydroxy-3-methylpiperidin-l-yl)-5-methyl-l^ 
oxD-1H,SH-benzo[iJ] qiunolizine-Z-caiboxyfic add, in propottions that can range firom a 100% 
mixture of 5S-trans isomers (3R,5S) and (3S,5R) to a 100% mixture of the 5S-ds isomers 
(3R,5S) and 0S,5R). Furthomore, because the two sets of ds and trans isoma^ are 
diast^ieomers^ they can be separated on the basis of chemical properties such as solubiKty and 

15 crystallisation in achiral media, or by chromatogr^hy if need be, but there is no need to do so. 
Fuithermore, the mixture of ds isomers or the mixture of trans isomers can be separated into 
pure optically active isomers by any one of the chhal techniques known to those skilled in Ihe 
art 

20 Our US patent qypfication 09/566,875 filed on May 8, 2000 describes antibacterial optically pure 
benzoquinolizine caiboxylic adds, tiidr derivatives, salts and hydrates thereof processes for 
their pr^aration, and thdr pharmaceutical compositions for treatment of bacterial Gram- 
positive, Gramrnegative and ana^bic infections and for treatment of diseases caused by 
resistant Gram-positive oigmisms, Gram-n^ative oigaiusms, mycobacteria and nosocomial 

25 pathogens. Ilie subject matter oftiiis patent q)idication is tncoiporBted here 

Strqptococd of various groups such as Group A, Group B and Viridans giroups are frequent 
causes of respiratory and other infections in human as well as animals. For example, 
Streptococcus pyogenes ^;roup A streptococcus) is one of the most common and ubiquitous 
30 human pathogens. It is responsible for the majority of cases of sore throat in pediatric patients, 
and it is also a causative agent of sevm life-tiireatening infections (sepsis, neootising &ciitis, 
toxic shock syndrome and non-sq>purative sequelae such as riieumatic fover and acute 
glomoidonephritis). Distmbingly, io the recent past tiiere is a wide spread emergence of 
macrolide antibiotic resistance inrgroup A streptococd and currently such macrolide re^stant 
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strams are nmthiely reported from Europe, US, Canada and Je^pasL More recendy; macrolide 
resistance is also reported in Viiidans group and group B streptococci. 

Additionally; older fluoroquinolone antibiotics sudi as ciprofloxacin, ofloxacin, pefloxadn and 
5 lomefloxacin are only mar^nally active against streptococd and pneumococd. Several of the 
newer fluoroquinolones such as Levofloxadn, Galifioxacin and Moxifloxadn although having 
improved potency against streptococci and pnmmococd, suffer from the defidendes that tibdr 
pot^cy against QRSA and MRSA is tii^eutically inadequate. 

10 The superior antimiax)bial profBe of optically pure S-(->9-fluon)-8-(4-hydroxyiwperidin-l-yl> 
5-methyl-^,7-^ydro-lK)xo-lIt5H4)CTzopj^ add, its derivatives, salts 

and hydrates thereof in conq)arison with RS<±>9-fluoro-8<4-hydra)q^iperidinrl-yl)-5-methyl- 
6,7-dihydro-lK)XO-lH-5H-ben2oIJj]quinolizine-^ add is disclosed in our PCT 

application WO 00/68229 published on November 16, 2000 and our US patent application 

15 09/566,875. The subject matter of which is incorporated by reference. The novel S-(->9-fluoro- 
6,7-dihydro-8-<4-hydroxypipa4din-l-yl>5-methyl-lK)XO-lH^ pj]quinoli23n6-2- 
caiboxylic add derivatives, salts and hydrates th^eof described therein have excellent potency 
and potent rajwd bact^ddal action against staphylococd including MRSA and QRSA strams^ 
Gram-negative pathogens E.coli, Klebsidla, Proteus, Senatia, Citrobactw and Pseudomonas, 

20 mycobact^ and nosocomial pathogens. 

Summary Of The hivcntion 

has now been discovered that 2-substituted,3-substitute4 4-^ 5-substituted and 6- 

25 substituted analogs of the j8-(4-hydroxypip«icBnyl) moiety of S-(->9-fluoro-6,7-dihydro-8-(4- 

particular the compounds described below, retmi the antibacterial properties and profiles as 

described in our PCT application WO 00/68229 and US patent application 09/566,875 and are 

effective agents fi>r treating a variety of infections caused by differ^t patho^ns belongmg to 

30 the streptococcus and enterococcus groups. Spedally, enterococcal bacteremia, usually 

oicount^red witii high inddence m large medical centres;, is assodated vnSi Ugh mortality. 

Enterococd can also cause serious urinary tract infections. The attributes found for the 

compoimds of the invention are not enconq)assed with the same potency and ddal action quality 

by S<->9-fluoro-6J-^ydrD-8^4-hydroxypiperidin-l-yO-5-^ 

5 . 
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quinoli?nne-2-caiboxylic add itself and its satts^ pseudopolymoxphs^ polymorphs and hydrates 
thereof. Acqui^on of these strqjtocoocal and raterococcal ddal properties is of potential 
significant dioical benefit as it results into more eSective eradication of pathogens fix>m 
pati^xts, leading to improved resolution of syn^toms related to the req>ective infections. 
5 Additionally, it may also benefit patients m tmas of quidcer recovery, reduced period of 
hospitalisation, .and diorter duration of antinuGcobial treatment Most significantly, it may also 
minimize fiie diances of rdqise of infec^on due to ii^vivo selection of resistant subclones of 
strq)tococd and enterococd, which might arise hi case of antibiotics which have a poorer and 
incon^lete bacteriddal action. 

10 

Among the S-substituted, 4>substituted and S-siibstituted analogs of the 8-(^bstituted 
piperldinyl) moiety of S-(-)-9-fluoro-6,7-dihydro-8-(substituted i»pCTidin-l-yl>-5-methyl-l-oxo- 
lH,5Hrbenzo|lj] quinolizine-2-carboxylic add, those analogs bearing the optically pure 5S- 
methyl isomer of the fluoroquinolone core are preferred for treating local and systemic 

15 infections, particularly infections caused by a variety of pathogens belonging to the 
stapbylococcus, streptococcus and enterococcus groups, that avoid adverse effects assodated 
with the administration of those analogs bearing the SR-m^yl isomer of the fluoroquinolone 
core. The present invention also includes processes for the preparation of compounds of this 
invention and pharmaceutical compositions of the compounds of fhe invention. The present 

20 invention fiirthermore includes methods for treating local and systemic infections caused by 
diffoOTt pathogens belonging to the staphylococcug, streptococcus and enterococcus groups by 
administering a compound of the invention and more particulady those compounds of the 
invention bearing the 5S-methyl isomer of the fluoroquinolone core to said human or animal 

25 Detailed Description Of The Invention 

This invention rdates to optically active 8-(siibstituted piperidino)-beDzo {ij] qiunolizines of the 
formula L O 



30 




Formula I 

6 
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Wherdn 
X=lQrdrogd, 

or X is C1-C20 aOcyl such as straight diain or brandied chain aliphatic residues such as methyl, 
ethy], propyl, isoproi^l, butyl, isobutyl, tertiary butyl, peutyl, h^l or thdr brandied chain 
5 isomers; 

or Xis aralkyl such asb^izyl 

or Xis -<aBb)n-CHRiirOCORu> or X is (CQzVCHRi(r<)(X)2Rn ivfaerem Rio is H, or CEI3; n is 
0-3 and Rii is C1-C20 aH^l as heranbefbre defined or substituted Ci-Q alkyl such as 
hydroxybutyl or aralkyl such as benzyl; 
10 orRuis 



15 or X is a group such as acetoxymethyl, acetoxyethyl, caibethoxymethyl, pivaloyloxymethyl or 
pivaloyloxyethyl group; 



wheidn A is CH orN, and \;^en Ais CH, Z is NH or NCH3, and when A is N, Z is CB2, O, 
20 NH, S, or NCH3 ;pis0-2;qi50-2, T^erdn X is a group such as N-methylpiperidin-4-yl, 
pyrrolidin-2-yl-ethyl, piperidin-2-yl-ethyl, ormorpholin-2-yI-ethyL 

Ri^Rz = H, Cm alkyl, aralkyl, anunoalkyi, tiifluoroalkyl, halogen, accept that when Ri==I^ R2 is 
not equal toH 

R3 is hydrogen, or C1-C20 alkyl as hereinbefore defined, or gjycosyl, or aralkyl such as beu^l, or 
25 C1-C6 alkanoyl such as acetyl, propionyl, pivaloyl, stearoyl, or nonadecanoyl or aminoalkanoyl 
such as amino add re^dues derived fi'om one of the 20 naturally occurring amino acids viz. 
alanine, arginine, asparagine, aspartic add, cysteine, ghitamine, glutamic add, glycine, histidine, 
isoloicine, leudne, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine, or the optically active isom^ thereof or the racemic mixtures thereof or 
30 R3 is l-aminoc^clohexylcarbonyl or R3 is COORu wherein Rn is as hereinbefore defined or - 
(GEfcVCHRio-OCORii or -(CHaVCHRio-OCOORn vAere n, Rio and Rn are as hereinbejfore 
defined, or CsHuO^ P02(CH3)Ei, PQaH^ ^OiiOWJiS or SQ3H thus g^g respectivdy the 




orXis 
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ghicomc add, phosphonic add, phosphoric add and sulfonic add ester derivatives of the 
compounds, provided all three ofRi^Ra and Ba are not equal to Hat die same time; 
R4 = Cm allyl, CF3, pheiqrl, or F, R4 is present at one or more of the portions of 2-, 4-, 5-, or 
6- of thepiperidine rii^ 

5 or an optical isomer, diastereomer or enantiomer thereof or polymorphs and p^dopolymorphs 
or prodrugs diereof or phannaceuticallyaccqitable salts and l^diates thereof 
"'Optical isomef, "stereoisomei'', and ""diastereomer" as re&ned to herein have tiie standard art 
rteognized meanings. 

10 The compounds of the invention may have one or more diital centers. As a result; one may 
selectiveiy prqpare one optical isomio, induding diastereomer and enantiom^, over another, for 
example by use of chiral startintg materials^ catafysts or solvents, one may prepaie both 
stereoisomers or both optical isomers, including diast^eomers and enantiomers at once (a 
racemic mixture). Since the compoimds of the invention may exist as racemic mixture^ mixtures 

15 of optical isomers, including diastereomers and enantiomers, or stereoisomers, they may be 
separated using known methods, such as diiral resolution, chiral chromatography and the like. 

In addition, it is recognised that one optical isomer, including diastereomer and enantiomer, or 
stereoisom^ may have &vorabIe properties over the other. Thus when disclosing and daiming 
20 the invendon, when one rac^c mixture is disdosed, it is clearly contemplated that both optical 
isomers, including diastereomers and enantiomenf, or stereoisomers substantially fiee of the 
other are disdosed and claimed as well. 

Prderred salts include cationic salts include the alkali metal salts (such as sodhim and 
25 potassium), alkaline earth metal salts (sudi as magnesium and caldum), inorganic salts, sudi as 
ammonium, substituted ammoniuniy choline and organic base salts jBrom basic amines such as 
diethanolamine, n-metfaylghicamine, etfaylenediaminet, guanidine or hetero^dic amines such as 
piperidine, hydroxyetfiylpyrrolidine, hydroxyethylpiperidmet, morpholine, piperame, N-metfayl 
piperaane and the like or basic amino adds such as optically pure and racemic isomers of 
30 argmin^ lysine, histidine, tryptophan and tiie like. 

Examples of appropriate add addition salts indude; but are not limited to acetate^ adipate^ 
ascotfaate, aspartate, benzenesulfonate, benzoate, bicarbonate, bitartarate, butyrate, caldum 
edetat^ camsylate^ carbonate^ dtrate, cydohexanesuliamate^ dodecyl sulfate, edetate, edisylate, 

8 
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estolate, esylate, fmnarate, fonnate, gluceptate, gluconate, glutamate, glycoUylarsanilate, 
glutarate, hexylresorcinate, hydrabamine, hydroxynaphthoate,* hydrochloride, hydrobromide, 
hydroiodide, hydrogensulfate, isethionate, lactate, malate, maleate, mandelate, malonate, 
methanesulfonate, methylbromide, methyhiitrate, methylsulphate, mucate, napsylate, mtrate, 
5 oxalate, pamoate (embonate), pantothenate, phosphate/diphosphate, polygalacturonate, 
propionate, salicylate, steaiat^ sabacetate» succinate, sul&te, tannate, tartrate, teoclate, 
triethiodide» trifluotoacetate, trifiuoiomethanesul&nate, p-toluenesulfonate, and the hke. 

However, oflier appropriate medidnally acceptable salts within flie scope of the invention are 
10 those derived from other min^ adds, organic acids and amino acids. Hie amino acid may be 
selected from one of the 20 naturally occurring amino acids: alanine, argmine, asparagine, 
aspaitic add, cysteme, gjutamine, glutamic acid, glydne, histidine, isoleucine, leucine, lysine, 
methionine, phCTylalanine, proline, serine, threonine, tryptophan, tyrosine or valine or the 
optically active isomers thereof or the racemic mixtures thereof or dipeptides, tripeptides and 
15 polypeptides derived from flie monoaminoadd units thereof. 
Preferred compounds of the invention are those wherein: 

X = Acetoxymetiiyl, propionyloxymethyl, pivaloyloxymethyl, 2-piperazmoethyl, 2- 
morphohnoethyl, 2-pyTrohdinoethyl, or 4-N-methyl piperidinyl; 
Ri = CH3, C2H5, n-C3H7, i-C3H7, n-C4H9, i-C4H9, CF3, CH2C6H5, CH2NH2, or F; 
20 R2 = H, CH3, C2H5, n-C3H7, or n<:4H9; 

R3 = H, CH3, C2H5, C0CH3, or COC(CH3)3; 
R4 = H, 5-CH3, 5.C2H5, 4-CH3, 4-CF3, 4-C6H5 

or an optical isomer, diastereomer or enantiomer thereof, or polymorphs and pseudopolymorphs 
or prodrugs thereof or pharmaceutically acceptable salts and hydmtes thereo£ 
25 Specific compounds of the invention are: 

S-(-)-9-fluoro-6,7Klihydro-8-(4-hydroxy-3-methylpiperidin-l-^^^^ 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

SK-)-9-£hioro-6,7-dihydro-8-(4-hydroxyO-methylpiperidin-l-y^^ 
30 methyH-oxo-lH,5H-benzo [i, j]q[uinoUzine-2-carboxylic acid sodium salt (mixture of ds 

racemate and trans racemate); 

S-(->9-fluoTO-6,7-dihydro-8K4-methoxy-3-methylpiperidin-l^^^^ 
methyl-l-oxo-lH,5H-benzo [i, j]quinoli2ine-2-carboxylic acid, (mixture of cis racemate and 
trans racemate); 

9 



wo 01/85728 



PCT/INOl/00100 



S<->9-j3uolX^<,7-diI^rdR)-^ 
l-oxo-lfl^SH-beozoil, j]quiaoliane-2-caifioxylic add. (mixture of ds racemate and trans 
rac^auite); 

S*(-)-9-fluoiio-6,7-dihydro-8-(4-acetoxy-3*^ 
l-oxo-lBySH-benzoIl, j]quino]iztne-2-QaibQxylic add. (mixture of ds racemate and trans 
racemate); 

S-<")-S^fliioro-6,7Hlihydro-8-(3HnetIiyI-4-piv^ 
mediyl-l-oxo-lH,SH-b«izo[i, j]quinoIi2dne-2--cai1>02ytio add. (mixture of ds racemate and trans 
racemate); 

S-(-).9-£hioro-6J-dihydro-8-{trans-4-(tlS>-hydrox^^ 
methylptperidin-l-yl}-S-methyl-lK»co-lI^SH-4)eQzo|i, j]quinoIidne-2-caiboxylic acid ^Jts 
isomers, prodrugs and salts; 

S-(-)-9-fluoro-6,7-Kfihydro-8-{trans-(-)-4-R-hyd^^ 
l-yl}-5-metlorH.oxp-lH[,5H-benzo[i, j]quinoli2dne-2-caiboxylic add; 

S-(-)-9-fluoro-6jHiihydrD-8-{trans-(-)-4-R-hydroxy-3'-R-methy 
5-methyl-l-oxo-lE[,5H-benzo[i, j]quinoli2ine-2-caiboxylic add arginine salt 

S.(.)-9-fhjoro-6J-dihydno-8-{trans-(+)-4-S-hydroxy-3-S-meth 
l-yl}-5-methyl"l-oxo-lI^5H-benzo[i, j]quinoli2ane-2-cariK)xylic add; 

SK->9-fluoro-6J-dihydro-8-{trans-(+)-4-S'hydroxy-3-S-methyI^^^ 
l-yl}-5-melhyl-l-oxo-lH5H-benzo[i, j]quinolizine-2-cart>oxylic add aiginine salt; 

S-(->-9-fluoro-6jHlihydro-8-{trans-(+)-4-S-lq^dra^ 
l-yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolime-2-carboxylic add Ustidine salt; 

S-(-)-9-£kioio-6,7Hfihydro-8-{trans-(+)-4-S-l^ 
l-yl}*S-mefhyl-l-oxo-lI^SH-ben2o[i, j]qu]nolidne-2^boxylic add Iy»ne salt; 

S-{-)-9-fhion>-6,7-dihydro-8-{trans-(+^ 
l-yl}-S-methyl-l-oxo-lE^5H-benzo[i» j]quinolidne-2M:aiboxylic acid axspbtune methyl ester salt; 

S-<-)-9-fluoro-6J-dihydro-8-{trans-(+)-4-S-hydro^ 
l-]d}-S-methyl-l-oxo-l]^5H-benzo[i, j]quinoli2ne-2-caiboxylic add Ustidine methyl ester salt; 

S<-)-9-fhon>-6jHlihydro-8-{ds-4-(RS>-bydraxy-^ 
l-yl-S-methyM-oxo-lB^SH-benzoli, j]quinolizine-2-caibQxylic add its isomers, prodrugs and 
salts; 

S-<-)-9-fluoro-6,7-^ydro-8-{ds-(-)-4-R4^^ 

yl}-5-metlr/l-l-oxD-lH,5H-benzoil, j]quinolizine-2-cafboxylic add, its prodrugs and sahs; 

S-(-)-9-ftoon>^,7HiihydrD-8-{ds-(+>-4-S-hydro^^ 

10 



wo 01/85728 



PCT/INOl/00100 



yl}-5-methyl-lHs»(>-lH^5H*Qi2o|i, j]qumolizmer2-caibcn^lic add, its prodrugs and salts; 

S<->9-fhion>-6J-4ihydro-H4-hydi03^-^ 
5-mefliyl-l-oxo-lH^5H-beDKo[i, j]qaiiioHane-2-caiboxylic add (mixture of ds racraaate and 

trans racemate); 

S<->9-fhioro-^,7-^ydro-8-0,3-^e%l^ 
methyM-oxo-mSH-benzop, jlquinoHame-a^caiboxylic add and its isomers; 

S-(->9-ftioro-6J-^ydio-8<4-acd03^^^ 
methyl-l-oxD-lH,5H-bwzoR j^qpinoliano-2-cart)03qrKc add and its isomers; 

S<->9-fluoro-6,7-dihydro-8<3,3-dimethyl^^ 
5-m^yl-l-oxo-lH,5H-benzo[i, j]quinoli2ane-2-caiboxyKc add and its isomer^ 

S<->9-fboro-6,7-^ydro-8<3-rfhyl-4-hydroxypi 
lK)xo-lI^5H-benzo[i, j]quiftolizme-2-caiboxylic add (mixture of ds racemate and trans 
racemate); 

S<-)-9-fIuoro-6,7-dihydro-8-(4-acetoxy-3-etliylpiperidih-l-^^ 
l-oxo-lH,5H-benzo Ii,j]qmnoBzine-2-caiboxyHcadd(nuxturcofcisracmateandt^ 
racemate); 

S^.).9'fluoro-6,7--dihydro-8.(3-^yI-4-pivaloyloxypipe^ 
methyl-l-oxo-lH,5H-b©Qzoli, j]qumoli2iae-2-caibo^Kc add and its isomws; 

SK-)-9-fluoio-6,7-^ihydro-8-(3;3HJiefItyl-4-l^ 
mcthyH-axo-lK^5H-bCTZoR j]quinoli2me-2-carba»ylic add and its isomers; 

SK>9^fl«oro-6,7-^ydro-8<3-ethyl-4-hydroxy-3'me% 
methyl-lK)xo-lH,5H-bcn20p, j]quinoli2dne-2-carboxyHc add and its isomers; 

S^.)-9-fluoro-6,7wi%dro-8<4-ac^ 
methyl-l-0XO-lH,5H-bcn2o[i, j]quinoli2ane-2-caiboxyKc add and its isom^; 

S^.)-9-fluoro-6,7Hfihydro^3-etl5rl-4-p^ 
yl)-5-me!liyl-l-oxo-lH,5H-benzo[i, j]quinolrane-2-caAa»?!ic add and its isomers; 

S<-)-9-ftaoro-6,7-diliydro-8K3,5-c^ 
metlQrl-l-oxo-lH,5H-beii2oR j]quinolizine-2K5aiboxyfic add (nrixture of ds racemate and trans 
racemate); 

SK-)-9-fhioro-6J-^ydro-8-(trans-3,5-dimethyl^ 
yl>5-methyl-l-oxo-lH,5H4)enzop, j]quinoli2ane-2-carbQxylic add [and ]its isomere ,prodnjgs 
and salts ; 

S-(-)-9-fluoro-6J-dihydro-H«s-3,5-dimc4yI-4.hydr^^ 
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5-mediyl-l-oxo-lH^SH4>a[izo[i, j]quinolizme-2-C8rbo^fio add [and] its isomera, its prodrugs 
and salts; 

S-0*9-£hioro-6,7Hfihydro-8<4*hydra^^ 
methyl-l-oxo-lH,SH-beiizoIi, j]quinolizine-2-carbo2ylic add and its isomers; 

S<->9-fluQro-6,7HfiIiydro-S-(3;3Hfi-i^^ 
mdliyMK)»>*lI^5H-benzD^ j]quiiiolizme-2-cari)Oxylic add and its isomers; 

S-(-*)-9--£hioio-6^7*dihydra-8^^4-lqrdr^ 
met]iyl-l-oxo-lI]^5H^>esizD[i, j]quinolizme-2-caz1)Qxylic add and its isomers; 

S-<-)-9-flooro-*,7-<fihydn>-8-(3^i4nityl-^ 
methyM-oxo^lB^SH-benzoIi, j]quinoli:ane-2-carboxylic add and its isomers; 

S<->9-*boro-6J-diltydro-8<3,3-di-n-butyI^hydroxypi^^ 
methyl-l-oxo-lH5H-benzo[i, j]qumoli2me-2-carboxylic add and its isomers; 

S-(-)-9-flaoro-6,7-^ihydro-8-{4-hy^ 
methyl-l-oxo-lH,5H-benzo[i» j]qiiinoli2me-2-carboxylic add and its isomers; 

S-(-)-9-fhioro-6,7-dihydro-8-(3-bmzyl-4-4iydroxypiperi 
methyl-l-oxo-lH,5H-beixzo[i, j]quinoli2ine-2-carbojyiic add and its isomers; 

S-(-)-9-flhioro-6,7-4ihydro-8"(4-hydn)xy-^methylpipe^ 
methyl-l-oxo-lB^ SH-benzop, j]qiimoliztne-2-caiboxylic add; 

S-<-)-9-£hioro-6,7-^ydn>8-(4-hydroxy-44rifl 
S-metfayl-l-oxo-lH,5H*>baizo|i, j]qumolizme-2-caibo^lic add; 

S-(-)-9-fluoro-6,7-(Shydro-8^4-hydroxy-4-phenylpiperid^ 
oxo-*lE^ 5H4}enzo[t, j]quinolizmo-2^-carbo?^lic add; 

S-(-)-9-fhiQro-6,7Klihydro-8-(4-liydrQ:^-3-med^^ 
p]paidii}-l-yl)>5*metfayl-l-oxo-lH,SH*ben2so[i, flquinolizane-Z-caiboxylic add and its isomers 

S^<-)-9-fhioro-6,7Hfihydra*8-(3-fiboio-4-hydray^ 
1-oxo-lH, 5H-boizo[i, j]quinoli2dne-2-caiboxylic add and its isom^; 

S-<->-9-^flaon>-6^7-^ihydio-&-(3-afflmon^ 
l-oxo-lI^5H4>eDzo[iy j]quinofiane-2-caiboxylic add and its isomers; 

meihyMK>xo-IH,5H-benzo[i, j]quino]izin^2-caxboxyGc add and its isomers; 

S-(->9-fluoro-«,7-<iihydro-8^3,5^fimea^ 
methyl-l-otxo-lH,SH-benzo[i, j]qidnolizme-2-carbo3g^lic add and its isomers; 

S-(-)-9-fluoro-€,7-dilvdrD-8-0,5-cfiethyl^^ 

methyl-l-oxo*l]%SH-baKzo[], j]qiunolizine-2-caiboxylic add and its isomers; 

12 
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Pivaloyloxymethyl S-(-)-9-fluoro-6,7-dihydro»8- {trans-4-(RS>-hydroxy-3- 
(RS)-methylpiperidm-l-yl}-5-methyl-l-K)xo-lH,5H-ben^ 

AcetoxymethylS-(->9-fluoro-6,7-^ydro-8-{traiis-^ 
CRS)-methylpipOTdin-l-yl}-5-methyl-l-oxo-lH,5H-ben^ 

Carbethoxymeaiyl S-(-)-9-fluoix>-6 jHlihydrc>-8-{trans-4-(^ 
3-(RS)-metbylpiperidm-l-yl}-5-methyl-l-oxo-lH,5H^ 

2-K5)era2mo-ethyl S-(->9-fluoro-6,7-dihydro-8- {trans-4-(RS)-hydroxy-3-CElS)- 
me11iylpipmdiii-l-yl}-S-methyl-l-oxo-lH^H^ 

2-MorpholiiiD-ethyl S-(-)-9-flnoro-6 J-^ydro-8-{trans-4-^)-hy^ 
3-(RS>methy^iperidm-l-yl}-5-mefhyl-lK)Xo-lH,5H4)e^ 

2-Pyiiolidmo-€tfayl S-(->9-fluoio-6 J-dihydro-8-{traas-4-(RS>^^^ 
(RS)-methylpiperidm-l-yl}-5-m^yl-lH>xo-lH,5H-bei^ 

4-(N-meQiyl)-piperidinyl S<->9-fluoio-6j-<miydro-8-{trans-4-^ 
hydroxy-3-(RS>methylpiperidm-l-yl}-5-mefliyl-l-oxo-lH^ 
caxboxylate; 

Another embodiment of the invention encompasses a process to make the compounds of the 
invention, which comprise the following general methods. 



General Methods 
Method 1 

S-(-).9-fluoro-6,7-dihydro-8-(3- or 4- or 5-siibstituted-4-hydroxypiperidin-l-yl)-5--methyl-l-oxo- 
lH,5H-benzo[ijlquinolizine-2-caiboxylic acid was prepared by heating a mixture of (0-B)- 
diacetoxy-{S-(-)-8^-difluoro-5-me&yl-6,7-<iihydro-5-methyl-l^ 

quinohzine -2-carboxy}borane with appropriate 3- or 4- or 5-substituted~4-hydroxypiperidine in 
an organic solvent preferably acetonitrile or dimethyl sulphoxide, optionally in the presence of a 
base such as triefliylamine, at 50 ^ - 120 ®C preferably 90 for 4 - 24 hr. 

Method 2 

This invention also includes a method for preparing S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5- 

substituted-4-aIkanoyloxypiperidin-l-yl)-5-methyl-l-oxo-lH,5H-benzop^^ 

carboxylic acid comprising flie steps of stirring a mixture of S-(-)-9-fluoro-6,7-dihydro-8-(3- or 

4- or 5-substituted-4-hydroxypiperidin-l-yl)-5-methyl-lH>xo-lH,5H-be^ 

caxboxylic add with an £q;>propriate alkanoylating agent in presence of a base in the presence or 
absence of an organic solvent at 0^- lOO^C for 0.5 - 8 hr. 

5- (-).9-fluoro-6,7-dihydrx>-8-(3- or 4- or 5-substituted-4-acetoxypiperidin-l-yl)-5-methyl-l-oxo- 
li^5H-benzo[ij]quiiioIi2ine-2-carboxylic acid was prq)ared by stirring a mixture of S-(-)-9- 
fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4-hydroxypiperidin-l-yl)-5-mettiyM-oxo-lH,5H- 
benzo[ij]quinolizine-2-carboxylic acid with acetic anhydride in presence of a base preferably 

13 
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pyridine or triethyl amine in the presence or absence of an oi;ganic solvent at 0® - lOO^C for 0.5 
- 8 hr prefrably 2 hrs. 

Similarly prepared was S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4- 
pivaloyloxypiperidin-l-yI)-5-methyl-lH>xo-lH,5H-benzo[iJ]quinol^^ acid using 

pivaloyl cUoride in place of acetic anhydride. 

Methods ' 

This invention also incldudes a method for preparing alkanoyloxymethyl S-(-)-9-fluoro-6,7- 
dihydro-8-{trans-4-hydroxy-3-methy^iperidin-l-yl)-5-methyl-l-oxo-lH^ [ij] 
quinoli2ine-2-caiboxylate coniprising the steps of treating S-(-)-9-fluorO"6,7-dihydro-8-(4- 
hydroxy-3-methylpiperidin-l-yl)-5-methyl-l-oxo-lH,5H-benzo [iJ]quinoli2in^2-carboxylic 
acid \vith halomethyl alkanoate presence of a base potassium carbonate in the presence or 
absence of an organic solvent at 0° - lOO^C for 2 - 24 fars. 

Pivaloyloxymethyl S"(-)-9-fluoro-6,7-dihydro-8-{trans-4-hydroxy-3-methylpiperidin-l-yl^^ 
me!thyM-oxo-lH,5H4>ei>2o[io]quinolizin^2*caibox^^ was prepared by treating Sh[-)-9- 
fluoro-6,7-dihydro-8-(4-hydroxy-3-methylpiperidm-l-yl>5-m^^ [ij] 
qninolizin6-2-carboxylic acid with chloromethyl pivalate in presence of a base prefer£^ly 
potassium caxbonate in the presence or absence of an organic solvent at 0^ - lOO^C preferably 
50^C for 2-24 hrpreferablylShr. 

Similarly prepared were acetoxymethyl S-(-)-9-fluoro-6,7-dihydro-8-{trans-4-hydroxy-3- 
methyIpiperidin-l-yl)-5-methyI-l-oxo-lH,5H-benzo[ij]quinoli2i^ and 
carbethoxymethyl S-(-)-9-fluoro-6,7-<iihydro-8-{trans-4-hydroxy-3-methylpiperidi^^ 
methyl-lK)XO-lH,5H-benzo[ij]quinoIizme-2"Carboxylate by using chloromethyl acetate or ethyl 
bromo acetate respectively in place of chloromethyl pivalate. 

Method 4 

This invention also include a method for preparing hetero cyclic amino/hetero cycUc 
aminoalkyl S-(-)-9-fluoro-6,7-dihydro-8- {trans-4-hydroxy-3-methylpiperidin-l -yl)-5-methyl-l- 
oxo-lH^H-benzo[ij]quinolizine-2-carboxylate comprising the stqps of treating S-(-)-9-fIuoro- 
6 J-^ydro-8-(4-hydroxy-3-methylpiperidin-l-yl)-5-methyl- 1-oxo-^ [i j] 

qumoli2ine-2-carboxylic acid with hydroxy heterocyclicamine/hydroxyalkyl heterocyclic amine 
in presence of a base in the presence of a condensing agent and in the presence or absrace of an 
organic solvent at 50**- 100°C for 2 -48 hr. 

2-Piperazinoefhyl S-^-)-9-fluoio-6,7-dihydro-8- {trans-4-hydroxy-3-methylpiperidin-l-yl)-5- 
methyl-l-oxo-lH,5H-beozo[ij]quinoli2ane-2H^ was prq>ared by treating S-(-)-9- 

fluoro-^jH3ihydro-8-(4-hydroxy-3-methylpiperidin-l-ylV5-me4hyl-l^^ [ij] 
quinoU2ine-2H)axboxy]ic acid with N-2-hycboxyethyl piperazine in presrace of a base such as 
4-N^-dimetfaylamino pyridine and triethylamine^ in the presence of a condensing agent such as 
NJ^-dicyclohexylcarbodiimide and in the presence or absence of an organic solvent such as 
N^-dimethylacetamideat50^- 100^Cfor2-48hr. 

Similarly prepared were 2-morphoHno ethyl S-(-)-9-fluoro-6,7-dihydro-8-{trans-4-hydroxy-3- 
methylpiperidin-1 -yl)-5-methyl-l -oxo-lH,5H-benzo[i j]quinolizme-2-caiboxylate, 2- 
pyrtolidino ethyl S-(-)-9-fluoro-6 J-dihydro-8-{trans-4-hydroxy-3-methyIpiperidin- 1-yI)- 
methyl-l-oxO"lH,5H-benzo[i j]quinolizine-2-carboxylate and 4-(N-methyl)-piperidinyl S.-(-)-9- 
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fluoro-6,7Hiihy(lro-8-{traus-4-hydroxy-3-methyl^^ 

[ij] quiiioliziiie-2-carboxylate by using N-2-hydroxyethyl moipholine, N-2-hydroxyethyl 
pyrrolidine or 4-hydioxy-N-i3aethylpiperidine respectively in place of N-2 hydioxyethyl 
piperazine. 

5 

The phfljjnaceutically accqjtable cationic salts of compounds I may be prepared by conventional 
methods fiom the cosnresponding acids e.g. by reaction with about one equimolar amount of a 
base. Examples of suitable cationic salts are those of alkali metals such as sodium or potassium, 
10 flllcflline earth metals such as magnesium or calcium and ammonium or organic amines such as 
diethanolamine or N-methylgliicamine, etiiylenediamine, guanidine or heterocyclic amines such 
as piperidme, hydroxyettiylpyrrolidine^ hydroxyethylpiperidine, morpholine, pq)era2ine, N- 
methyl piperazine and the like or basic amino acids such as optically pure and racemic isomers 
of arginine, lysine, histidine, tryptophan and the like. 

15 

The hydrates, pseudopolymorphs and polymorphs of all tiie compounds of the invention are also 
included. 

The present invention also encompasses the process of making the intermediate amines, as 
20 illustrated in the detailed pieparations that are used in the condensation with tiie fluoroquinolone 
nucleus. For instance, the 3-substituted-4-hydroxy piperidine intermediates can exist as a 
mixture of cis and trans isomers. Each ds and trans isomer is a raceroic mixture and can be 
resolved into optically active enantiomeric forms. Each cis or trans isomer, optionally 
debenzylated and/or deacetylated can be resolved into their optically active enantiomers by 
25 conventional methods known to those skilled in the art of resolving racemic mixtures by 
fractional crystallisation of their salts with appropriate resolving stents or by chromatography or 
by enzymatic techniques. The methods for preparation of the mixture of cis and trans isomers 
and their resolution into enantiomeric forms is exemplified for instance by tiie following 
example of 3-methyl-4-hydroxy piperidine l-B«izyl-4-acetoxy-3-methylpiperidine (a mixture of 
30 cis and trans isomers) was prepared according to the literature procedure [A.F.Casy and 
WJLJeffery, CanJ.Chem. 50 (1972),803] and separated by silica gel chromatography into the 
respective cis and trans isomers. The end result of using such resolution and/or chemical 
procedures is to obtain the optically active enantiomer of cis-3-methyl-4-hydroxypiperidine and 
of trans-3-methyl-4-hydroxypiperidine. Using any one of the enantiomeric mixtures of cis-3- 
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inethyl-4-hydroxypiperidiiie or trans-3-melhyl-4-hydroxypiperidine or one of their optically piire 
enantiotaers, the compounds of the invention can be prepared by condensing the respective 3- 
methyl-4-hydroxypiperidine with (O-B)-diacetoxy"[S-(0-8,9-difhioro~5-niethyl-l-oxo-lH,5H- 
benzo [i. J quinolizine-caiboxy] borane, as exemplified in the section on examples described 
5 later in this specification. 

The present invjsntion also encompasses an antiinfective composition for the treatment of 
humans and animals in need of Hhmpy for systemic or topical infections especially resistant 
Gram-positive organism infections. Gram-negative organism infections, mycobacterial 

10 infections and nosocomial pathogen infections^ which comprises an amount of optically puie 
compounds of the invention the derivatives, salts, hydrates, pseudopolymoiphs and polymorphs 
thereof, preferably, substantially free of the conqiounds of the invention bearing the 5R-mehyl 
enantiomer of the fluoroquinolone core, said amount being sufficient to eradicate said infection. 
The conq)osition should provide a therapeutic dose, which is insufficient to cause the toxic 

15 effects associated with the comparable compositions comprised of compounds of the invention 
bearing the 5RS-isomeric mixture of the fluoroquinolone core. 

In addition the compounds of the invention have superior bactericidal activity against 
pneumococci, streptococci and enterococci of various groups. Cidal features available in such 

20 molecules add to their clinical attractiveness as it would offer clinicians a valuable treatment 
option to treat a broader range of infections caused by staphylococci, MRSA, MRSB, 
pneumococci, streptococci and enterococci in a situation such as patients allergic to B-lactam or 
possibility of infections due to macrolide resistant strains of streptococci, pneumococci and 
enterococci or MRSA/QRSAAHRE. The compounds of the invention have potential not only to 

25 suppress the growth of VRE strains but also a dual advantage of reducing or curtailing 
vacomycin usage for the treatment of MRSA infections and thereby not creating circumstances 
fiivourable for VRE emergence. Moreover, the molecules of the invention also retain the other 
vahiable features of S-(->9-fluoro-6J-dihydn)-8-(4-hydroxypiperidin-l-yl)-5-methyK 
lH,5H-bcozo[ij]quinoli2ine-2-<5aiboxylic acid its derivatives, salts, pseudopolymoiphs, 

30 polymorphs and hydrates thereof, of being bactericidal to fluoroquinolone resistant 
sta5)hylococci (QRSA with resistant gyrase) and even to staphylococcal isolates possessing Nor 
A efQux pump. A combination of all these properties coupled with overall good safety and 
tolerability observed in a new molecule renders it worthy of ttierapeutic'use in humans and 
animals. 

16 
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The above'list of padiogens is m^y by way of example and is in no way to be interpreted as 
limiting. Streptococd are impficated as one ofthe most common pathogens^ in both the pediatric 
and adult population in diverse infections/diseases. Example wfaidi may be mentioned of 
diseases, which can thus be prevented, alleviated and/or cured by the formulations according to 
5 the invention are meningitis, otitis externa, otitis media; pharyngitis; pneumonia; life-threatening 
bacteremia, peritonids; pyelonephritis; cystitis; endocarditis; systemic infections; bronchitis; 
arthritis; local infections; septic diseases. Exaniples of entm>coccal diseases are spedally 
enterococcal bacteremia and urinary tract infections, 

10 These findings have an important implication fiom the point of view of the systemic use of the 
compoimds of the invention in view of thdr supper potency^ superior bacteriddal activity, 
expanded biospectrum, better bioavailability and improved tolerability are now enabled to be 
administered systemically in therapoitically effective doses. 

15 Utilising the substantially optically pure or optically pure isomer or optically pure compounds of 
the invention, the derivatives and salts thereof whether in systemic or topical dosage form, 
results in clearer dose-related definitions of efficacy, diminished toxic effects and accordingly an 
improved th^apeutic index. 

20 The pharmaceutical conq)ositions are prepared according to conventional procedures used by 
persons skilled in the art to make stable and effective compositions. In the solid, liquid, 
parenteral and topical doss^ forms, an effective amount of the active compound or the active 
ingredient is any amount, winch produces the desh*ed results. 

25 For the purpose of tiiis invention tiie pharmaceutical compositions inay contain the active 
conq)ounds of the invention, their derivatives!, salts and hydrates tfaereoi^ in a form to be 
adnmustered alon^ but generally in a form to be administered in admixture widi a 
phannacoitical carri^ selected with regard to the intended route of administration and standard 
phannacratical practice. Suitable carriers which can be used are, for example, d^uents or 

}0 excipients such as fill^s, extender^ binders, ^oUients, wetting agents, disintegrants, surface 
active agents and hibricants which are usually employed to prepare such dnigs depending on the 
type of dosage form 
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Any suitable route of adniiiiisbnation may be employed for proidding tbe patient vniix an efifective 
dosage of the compound of the invration their derivatives, salts and hydrates Aeirof. For 
example, oral, rectal, paroitGral (subcutaneous, intramusailar, intravenous), transdermal, topical 
and like forms of administration may be employed. Dosage forms indude (solutions, 
suspensions, etc) tablets; pill^ powders, trodies, dispersions, suspensions, emulsions; solutions, 
capsules, injectable preparadona, patdies, ointments, creams, lotions, shampoos and the Eke. 

Fhannaoeutical compositions of the present invention suitable for oral administiatio& may be 
presented as discrete muts such as capsules, cachets, or tablets, or aerosol sprays, each 
containing a predetermined amount of the active ingredient, as a powder or grairules, or as a 
sohition or a suspension in an aqueous liquid, a non-alqueous Uquid, an oil-in-water emulsion, or 
a water-in-oil liquid emulsion. Such compositions may be prepared by any of the methods of 
pharmacy, but all methods include the step of bringing faito association the active ingredient with 
the carrier which constitutes one or more necessaiy ingredients. In g^eral, the compositions are 
prepared by uniformly and intimately admixing the active ingredient with liquid carriers or 
finely divided solid carriers or both, and th^ if necessary, shaping the product into the de^red 
presentation 

The conq)ositions of the present invention include compositions such as suspensions, solutions; 
elixirs, aerosols, and solid dosage forms. Carriers as desoibed in general above are commonly 
used in the case of oral solid preparations (such as powd^ capsules and tablets), with the oral 
solid prq;)atations being preferred over the oral liquid preparations. The most preferred oral 
soUd preparation is tablets. 

Because of then: ease of administration, tablets and capsules represent the most advantageous 
oral dosage unit form, in which case solid pharmaceutical carriers ate enp^loyed. Examples of 
suitable carriears include exdpients sudi as lactose, white sugar, sodium chloride ^cose 
solution, urea, stardi, caldum caibonate, kaolin, ciystallme cellulose and silicic add, binders 
such as water, ethanol, prepanol, simple syrup, glucose; starch sohrtion, gelatin solution, 
caiboxymethyl cellulose, shellac, methyl cellulose, potassium phosphate and polymyl 
pyiroIidone» disintegrants such as dried starch, sodmm alginate; agar powder, laminaria powder, 
sodium hydrogen caibonate^ calcium caibonate, Tween (fatty add ester of 
polyoxyethyl^esoibitan), sodmm lauryl sul&te; stearic add monoglyceride, starch, and lactose, 
disintegration inhibitors sudi as white sugar, stearic add glycol ester, cacao butter and 
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hydrogenated oils, absorptioii promoters such ?s quatem^ ammoniiini bases and sodium laurjd 
sulfate, bumectaots such as glycerol and starch, absoibente such as standi, lactose;, kaolin, 
bentonite and colloidal silidc add, and lubricants such as purified talc, stearic add salts, boric 
add powd^, poly^ylene glycol and solid polyethylene glycol. 

5 

The tabl^ if de^re4 can be coated, and made iiitora gelatuircoated tablets, 

enteric-coated tablets; film-coated tablets, or tablets comprising two or more layers. 

If desired, tablets may be coated by standard aqueous ornonaqueoustedmiqaes. 

10 

In molding the pharmaceutical composition into pills, a wide variety of conventional carriers 
known in the art can be used. Exanoples of suitable cani^ are exdpients sudi as glucose, 
lactose, stardi, cacao butter, hardened v^etable oils, kaolin and talc, binders such as gum arable 
powder, tragacanth powder, gelatin, and ethanol, and disintegrants such as laminaria and agar. 

15 

In molding die pharmaceutical composition into a suppoatoiy form, a wide variety of carriers 
known in the art can be used. Examples of suitable carriers include polyethylene glycol, cacao 
butt^, higher alcohols, gelatin, and semi-synthetic g^ycerides. 

20 A second preferred method is parenterally for intranmscular, intravenous or subcutaneous 
admimstration. 

A tlurd preferred route of administration is toincally, for which creamsf^ dntments;, shampoos, 
lotions, dusting powders and fiie like are well suited. Generally, an effective amount of the 
25 compound accordiiig to this invention in a topicd form 0.1% composition is to about 10% by 
wdgjxt of the total conqiosrtioa Preferably, die effective amount is 1% of the total compoation. 

In addition to the common dosage forms set out above; the compounds of the present invention 
may also be adnunistered by controlled release means and/or ddivery devices sudi as those 
30 described in U S Patent Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123 and 4,008,719; the 
disclosures of which are hereby incorporated by refioence. 
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Desirably, each tablet contains &om about 200 mg to about 1500 mg of the active ingredient. 
Most preferably, the tablet; cachet or capsule contains dther one of three dosage about 200 mg, 
about 400 mg, or about 600 mg of the active ingredient 

5 Wh^ Ae pharmaceutical composition is formulated into an injectable preparation, in 
formulating the pharmaceutical conqK)sition into the form of a solution or suspension, all 
(filuents customarily used in the art can be used. Examples of suitable dfluents are Tvater, ethyl 
alcohol, polypropylene glycol, eihoxylated isosteaiyl alcohol, polyoxyethylene soibitol, and 
soibitan esters. Sodium chloride, g^cose or glycerol may be incorporated mto a therapwtic 

10 agent. 

The antimicrobial pharmacoiticdl composition may furdi^r contain ordinary dissolving aids, 
buffers, pain-alleviating agents, and preservatives^ and optionally coloring agents, perfinnes, 
flavorsf, sweetraers, and other drugs. 

15 

For topical application, there are employed as non-sprayable forms, viscous to semi-solid or 
solid forms comprising a carrier compatible with topical application and having a dynailiic 
viscosity preferably greater than water. Suitable formulations include but are not limited to 
solutions, suspensions, emulsions, creams, ointments, powders, liniments, salves, a^osols, etc., 
20 which are, if desired, stmlized or mixed with auxiliary agents, e.g. preseivalive% antioxidants, 
stabilizers, wetting agents, buffers or salts for influendng osmotic pressure, etc. For topical 
appUcaticm, also suitable ate qnrayable am>sol preparations wherdn the active ingredient 
prefmbly in combination with a solid or liquid inert carrier material 

25 A specific embodfanent of the invention is tiie preparation of storage stable compositions of the 
compounds of the invention of formula L Such stable composhions can be advantageously 
made throu^tiie use of selective staUlizsefs. Differrat stabilizers are known to those skilled m 
the art of making pharmaceutical compositions. Of spedal utility far maldng storage stable 
conq>ositions of the compound of tiie invention of formula I, stabilizers such as disodium 

30 EDTA, titmiethamine, cyclodextrins such as gamma-cydodextrin, hydroxy-propyl-gamma- 
(^clodextrin have been found to be usefiiL 
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A spedfic embodiment of the invenlioii utilises argjnine as an escipi^ in compositions to 
fadlitate the aqueous solubility of the compounds of tiie invention which comprises utilising an 
appropriate molar amount of wffnine with a specific conqxnmd of tiie invention. 

5 Id a spedfic embodiment of the invention, the phannaceutical compositions contain an effective 
amount of Ihe active compounds of the invention, its derivatives^ salts or hydrates fliereof 
described in Hus spedfication as herdnbefbie described in admixture ivith a pharmaceuiically 
acceptable carri^, diluent or exdpients, and optionally other -ttierapoitic ingredients. 

10 The prophylactic or therapeutic dose of the compoimds of the invention, tiieir derivatives, salts 
or hydrates thereol^ in the acute or dironic management of disease will vaiy with the severity of 
condition to be treated, and the route of administration. In addition, the dose, and perhaps the 
dose frequency, will also vary according to the age, body weight and response of Ae individual 
patient. In general, the total daily dose range, for the compounds of the invention, the 

15 derivatives, salts or hydrates thereoi^ for the conditions described herein, is fi-om about 200 mg 
to about 1500 rag, in single or divided doses. Preferably, a daily dose range should be between 
about 400 mg to 1200 mg, in single or divided dosage, while most preferably a daily dose range 
should be betweesi about 500 mg to about 1000 mg in divided dosage. While intramuscular 
administration may be a single dose or upto 3 divided doses, intravenous administration can 

20 include a contimioos drip. It may be necessary to use dosages oubade these raiiges in some cases 
as win be apparent to those skilled in the art. Further, it is noted that the clinidan or treating 
physidan will know how and when to intenup^ adjust or temunate therapy in conjunction with 
individual patient's response. The term "an amount 8u£Sdent to oadicate such infections but 
insofiBdent to cause said toxic eifecf is encompassed by tiie above - described do^ge amount 

25 and dose jfrequency schedule. 

The invention is fiirflier defined by r^rence to the following examples describing in d^ail tiie 
in-eparation of the composition of the present invention as well as thdr utility. It will be 
apparent to tiiose skilled in the art ftat many modifications, both to materials and metiiods may 
10 be practiced without dq^arting fitmi tiie purpose and scope of tins invention. 

The following pr^arations and examples iDustrate the methods of preparation of the conqpiounds 
of the invention and are provided onty as examples, but not to limit the scope of the compounds 
ofthemventioa 
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Preparation 1 
4~HvdrDxy-4-trifluorometfavlpiperidipe 
A mixture of l-benzyl-4-piperidone (2.2 g, 11.67 mmole) and (trifluoromethyl>trunethLyl sUane 
(2.37 & 16.7 mmole) in dry THF (10 ml) at 0 X was treated with tetrabutylammomum fluoride 

5 (0.02 g) in THF. Tteniixture was stilted at 0"*Cf^^ 

2hr. THF (10 ml) and 3N HCl were added and stirred for 2 hr. The reaction mixture was 
extracted with ethyl acetate (3 X 25 ml), washed wifli water (2 X 1 0ml) and brine (20 ml), dried 
^a2S04). Residue obtained aft«: eviration of solvent was purified by column 
chromatography aver silica gel. Elute from a mixture of 5% methanol in chloroform gave 1- 

10 ben2yl-4-hydroxy-4-trifluoromethylpiperidine as an oil. Yield 2^g, (73%), C13H24NOF3, m/z 
260 (M+1), PMR (CDCI3): 1.7 (2H, d, CH2, j = lOHz), 1.85 (IH, bs, OH, D2O exchangeable), 
1.9 (2H, t, CH2, j - lOHz), 2.3 (2H, t, CH2, j = lOHz), 2.8 (2H, d, CH2, j = lOHz), 3.55 (2H, s, 
CH2Ar), 7.2-7.4 (5H, m, ArH). 

15 l-BeiizyM-hydioxy-4-tri£luoroniethy)lpiperidine (2.0 g, 7.72 mmole) was stirred with 20% 
palladium hydroxide (0.15 g) in methanol vmder hydrogen for 40 hr at 30°C. The reaction 
mixture was filtered and concentrated at reduced pressure to fiimish 4-hydroxy-4-trifluoro- 
methy^ipaidine. Yield 1.28 g (98%) CfiHjoNOFa, m/z 170 (M+1), PMR (CDCI3): 1.8-2.1 (4H, 
m, 2XCH2), 3.1-3.5 (4H, mi. 2XCH2). 

20 Prqiaration2 

trans.4-fRSVHvdroxv-3-fRSVmeflivh)ioeridme 
A mixture of trans-l-henzyl-4-(RS>aceto3^-3-(E{S>methylpiperidine [7 g, 28.5 mmole 
{prepared according to literature procedure described In AJP.Casy and W.KJeffery, 
Can.J.Chem., 50(1972),803}] and 20% palladium hydroxide (1.8 g) in methanol (25 ml) was 

25 stirred at 50 - 55''C under hydrogen (1 atmosphere) for 20 hr. The catalyst was filtered off and 
•washed with meUianoL Filtrate was concentrated to give trans-4-(RS)-aceto}Qr-3-(RS)-methyl 
pperidine as oil. Yield 4.41 g (100%). CgHisNOj, m/z 158 (^+1), PMR (CaOCls): 0.94 (3H, d, 
CH3. j = 8Hz), 1.42 (IH. m, H3), 1.67 (IH, m, H5), 1.98 (IH, m, H5), 2.08 (3H. s, COCH3), 2.3 
(IH, t. Ha, j = 12 Hz), 2.68 (IH, dt, Hj, j = 3 Hz. 12 Hz), 3.04 (2H, m. He), 4.5 (IH. dt, H4, j = 3 

30 Hz, 12 Hz). 



The obtamed trans-4-CRS>acetoxy-3-(RS)-methylpiperidme (4.41 g) was refluxed with aqueous 
NaOH (25 ml, 10%) for 5 hr, cooled and extracted with ettyl acetate (2 X 50 ml). The detract 
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was washed with water, dried (sodhim solpliate), concentrated to fiunish trans-4-(RS)-liydn}^- 
3-(RS)-methylpiperid]ne as colourless oil Yield 3J26 g (90 %), CeHisNO, m/z 116 (M+1), PMEl 
(CP3OD): 0.98 (3B^ d, j = 8Hz), 1.6 (2Ht in, Ife & H5), 2.04 (IB, m, Et), 2.64 (IH, f, H?, j 
- 12 Hz), 2.92 (IH, dl, Bb, j - 3 H2; 12 Hz), 3^ (3H, H4 & H6^^ 

5 

Preparation 3 
TrHiis-(+)-4S-acetaxy-3S-meflivlpiperidine 
Mefliodl 

A solution of l-benzyl-3-niethylpiperidm-4-one (253 g, 125.0 nunole) in diy tetrafaydrojGjnin 
10 (100 nil) was added to fhe sdrred solution of (-)-diisopinocamph^ borane (35.9 g, 126.0 nunole 
{prepared according to the procedure described in RCBrown, J.Org.Chem., 49 (1984), 945}) in 
dry tetrahydrofiiran (200 ml) at -78**C over a period of 1 br under nitrogen atmosphere. The 
stinipg was continued for 2 hr at -78^C and stirring continued for 12 at ambient temperature. 
The resulting stirred borane con^)lex was decon5)osed with aqueous NaOH solution (10 %) and 
15 hydrogen peroxide (7 ml, 30 %) r^pectively at O^C over a period of 1 br. The reaction mixture 
was extracted with ethyl acetate (2 X 250 ml), ethyl acetate extract was washed with brine 
solution, dried (Na2S04) and concentrated to give a crude mixture of cis- and trans-l-benzyl-4- 
hydroxy-3-.methylpiperidine as oil Yield 21 g (82 %), C13H19NO, m/z 206 (M+1). 

20 Acetic anhydride (12.54 ml, 122.0 mmole) was added dropwise to the stirred sohition of the 
above obtained crude nuxture of ds- / trans-l-be0zyl-4-hydroxy-3-methylpiperidine (21 g, 102.0 
mmole) and 4-NJNf-dtmefbylpyridine (0.25 g) in pyridnie (50 ml) at 0 - 5^C. The reaction 
mixture was stirred for 2 hr at ambient tenop^nature and concentrated to dryness. The residue 
thus obtained was dissolved in ethyl acetate, washed with water, dried (Na2S04) and 

25 concentrated to diyness to fumish cmde mixture of ds- and trans-^-acetor^-l-benzylO- 
methylpiperidine as oil The obt^med mixture of ds and trans 4-acetoxy-l-ben:^l-3- 
me^ylpipmdine was separated on ffllicacohuna Ehitionfirom 7% ethyl acetate in hexane gave 
trans<+)-4.S-acetoxy-I-benzyl-3-S-methylpiperi^^^ Yield 6.0 g (35 %X [a ]d + 16.8 \ 
C15H21NOJ, m/z 248 (M+l), PMR (CDCI3): 0.94 (3H, d, CH^, j = 8H2;), 1.62 (IH, m, H3), 1.78- 

30 2.2 (2H, m. Hi), 2.08 (31^ s, COOfe), 284 (4H, m, H2 fiHe), 3.5 (2H, s, NOfcX 4.42 (IH, dt, 
H4, j = 3 H2i 12Hz), 7.31 (5H; s, AiH)- 

Ehition from 7 % ethyl acetate in hexane gave suxture of cis- and trans-4-acetoxy-l«benzyl-3- 

methylpiperidine. Yield 6.3 g (37 %). RirAer ehition from 20 % ethyl acetate in hexane gave 
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cis-(H0-4-S-^cetoxy-l-benzyl-3-R-methylpiperidke. Yidd 4.5 g (26%),[a ]d+ 22 °, Ci5H2iNQ2, 
m/z 248 CM+1), PMR (CDas): 0.92 (3H, d, CH3 J = 8Hz), 1.84 (2H, m, H5), 2.12 (3H, s, 
CX)CH3), 2.2 - 2.76 (5H, m. Hj, H3 & He). 3.6 2 (2H. s, NCSEIa). 4SS (IH. m, H*), 736 (5H, s. 
Aria). 

5 Method 2 

A soltttion of dibenzoyl L-(-)-tartaric add monohydrate (19.0 g, 50.9 mmole) in efliyl acetate (32 
ml) was added to the stiiied solution of trans-4^)-acetoxy-3-(RS)-mefliy^piperidine (16.0 g, 
101.9 mmole) in ethyl acetate (32 ml). The solid thus sq>aiated was filtered, washed with ethyl 
acetate (250 ml) and recrystallized from meflianol to give dibenzoyl trans-(-)-4S-acetoxy-3S- 

10 mefliylpiperidine-L-tartrate. Yield 10.75 g (39.8 %), [a ]d- 60.2". C26H29NO10, m/z 516 (M+1). 
PMR (D2O): 0,92 (3H, d, CH3, j = 8Hz), 1.64 (IH, m, H3), 2.05 (3H, s, COCH3), 2.2 (2H, m, 
H5). 2.82 (IH, t, H2, j = 12 Hz), 3.08 (IH, dt, H2, j = 3 Hz, 12 Hz), 3.4 (2H, m. He), 4.66 (IH, m, 
H4), 5.65 (2H. s, CH), 7.5 (4H, t, ArH, j = 8Hz), 7.65 (2H. t, AiH. j = 8Hz). 8.08 (4H, d, AxH. j 
= 8Hz). 

15 

Dibeajzoyl trans-(-)-4S-acetoxy-3S-methylpiperidine-L-tartrate (21.5 g, 41.7 mmole) was 
suspended in ethyl acetate (250 ml) and basified (pH 8.5) with aqueous sodium carbonate 
solution (10 %). Ethyl acetate layer was sqparated, washed with water, dried (Na2S04) and 
concentrated to dryness to furnish trans-(+)-4S-acetoxy-3S-methylpiperidine as colourless oil. 
20 Yield 6.3 g (95.7 %), [a ]d+ 24 °, CgHj^Oa, m/z 158 ^+1), PMR (CDCI3): 0.94 (3H, d, CH3, 
j = 8Hz). 1.42 (IH, m, H3), 1.67 (IH, m, Hs), 1-98 (IH, m, Hj), 2.08 (3H, s. COCH3), 2.3 (IH, t, 
H2, j = 12 Hz), 2.68 (IH, dt. Ha, j = 3 Hz, 12 Hz), 3.04 (2H, m. He), 4.5 (IH. dt, H4, j = 3 Hz, 12 
Hz). 

P)tq>ffrgtioni4 

25 Trans-f+V4S.hv dmyvAS-methvh)roeridine 

A solution of l-benzyl-trans-(+)-4S-acetoxy-3S-me1hylpiperidine (6.0 g, 24.2 mmole) in 
aqueous NaOH (10 ml. 10 %) was refluxed for 15 hr, cooled and extracted with ethyl acetate (2 
X 50 ml). The efliyl acetate extract was washed witii water, dried (Na2S04) and concentrated to 
30 fiamish (+)-trans-l-braizyl- 4S-hydroxy-3S-methylpiperidine as a colourless oil. Yield 4.7 g 
(95.9 %), [a ]d+ ° (c = 1%, methanol solution), C13H19NO, m/z 206 (M+1) PMR (CDQs): 0.98 
(3H, d, CH3, j = 8Hz), 1.56-1.8 (3H, m, H3 & H5), 1.88-2.14 (2H, m. He), 2.86 (2H, dt, H2, j = 3 
Hz. 12 Hz), 3.14 (IH, m, H4). 3.52 (2H, s, N-CH2), 7.3 (5H, m, ArH). 
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A mixture of tianK4>14)eiiqrl-4S-lrjrdrQxy-3S-methyl^^ (4.7 & 0.023 mole) and 

palladium hydxx>xide (1.5 g) in a methanol (25 ml) was stined at 50-55^C under hydrogen (1 
atmosphere) fiar 20 far. The catalyst was filtered of^ washed with methanol, filtrate and washings 
were concentrated to dtyness to give trans-(+)-4S-'hydioxy-3S-mefhylptperidine as an oil. Yield 
5 2.59 g (98 %X [a b + ^ (c 1%, methanol solution), CeHiaNO, m/z 116 (M+1), PMR 
(CD3OD): 0.98 (3H, d, CH3, j = gHz), 1.6 (2H, m, H3 & H5), 2.04 (IH, m, H3), 2.64 (IH, t, H2, j 
= 12 Hz), 2.92 (m^ dt, j = 3 Hz; 12 Hz), 3 .28 (3H, m,H4 & Be). 

Preparation 5 

10 Trans-<->4R>acetOCT->3R-meihylpiperidine 

Method 1 

A solution of l-benzyl-3-methylpiperidin-4-one (15.0 g, 0.073 mole) in dry tetrahydrofiiran (125 
ml) was added to the stirred solution of (+)-diisopmocampheyl borane (20.8 g, 0.075 mole 
{prepared according to the procedure described in RCirown, J.Org.Chem., 49 (1984), 945}) 

15 in dry tetrahydrofiiran (125 ml) at -78^C over a period of 1 hr under nitrogen atmosphere. The 
stirring was confinued for 2 hr at and stiiring continued for 24 at ambient traiperature. 
The lesulting stirred borane complex was decomposed with aqueous NaOH solution (10%) and 
hydrogen perooride (10 ml, 30%) rea^jectivdy at O^^C over a period of 1 hr. The reaction mixture 
was extracted with ethyl acetate (2 X 100 ml), ethyl acetate extract was washed with brine 

20 solution, dried (Na2S04) and conc«itrated to ^e a mixture of ds- and trans-l4)enzyl-4- 
hydroxy-S^methylpiperidine as oil. Yield 6.9 g (82%), C13H19NO, m/z 206 (M+1). 

Acetic anhydride (4.08 ml, 0.04 mole) was added dropwise to the stirred solution of the obtamed 
mixture of ds- / trans-l-benzyl-44iydroxy-3-me£hylpiperidine (6.9 g, 0.033 mole) and 4-N,N- 

25 dimethylpyridine (0.05 g) in pyridine (20 ml) at 0 - 5''C. The reaction mixture was stirred for 2 
hr at ambient t&np&ratare and concentrated to diyness. The residue thus obtained was dissolved 
in ethyl acetate, washed with water, dried ^%S04) and concentrated to diyness to fimnsh a 
mixture of cis- and trans-4-acetoxy-l-benzyl-3-methylpiperidine as oil. The obtained mixture of 
cis and trans 4-acetoxy-l-benzyl-3-methylpiperidine was separated on silica colunm. Ehition 

30 firom 5 % ethyl acetate in hexane gave tran»-(-)-4-R-aortoxy-l-ben2yl-3-R-methylpiperidine. 
Yield 2.12 g (25 %), [a ]0- 13^ ° (c = 1%, methanol sohition), CisHaiNO^, m/z 248 (M+1), 
PMR (CDCI3): 0.94 (3H, d, CH3, j = 8H2), 1.62 (IH, m, H3), 1.78-2.2 (2H, m, H5), 2.08 (3H, s, 
COCH3X 2.84 (4H, m, H2 &SaX 3.5 (2H, s, NCH2), 4.42 (IH, dt, H4, j = 3 Hz, 12 Hz), 7.3 1 (5H, 
s,ArH). 
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Ftuther ehitioii from 10 % ^lyl acetate in hcxane gave cis<-)-4-R-acetoxy-l-ben:^I-3-S- 
methylpiperidine. Yield 3.34 g (40 %),[a ]d- 6 "(c = 1%, meliiaiiol solution), CisHnNOz, m/z 
248 QA+1% EMR (CDCfc): 0.92 (3Et d, CHb, j = 8Hz), 1.84 (2H, m, Hs), 2.12 (31^ s, COCBsX 
2.2 - 2.76 (5Bt m, Hfc Eb& ftX 3.62 (21^ s, NCEE^ 4.98 (IH, m, HjX 7.36 (5H s, ArB^. 

Method 2 

A solution of dibenzoyi D-<+)-tart«ic add (18.1 g, 50.9 mmole) in ethyl acetate (32 ml) was 
added to the stirred solution of trans-4-(RS>acctro^-3-(RS)-methyliaperidine (16 g, 101.9 
mmole) in ethyl acetate (32 ml). The salt thus separated was filtered, washed with efliyl acetate 
(250 ml) and recrystallized from methanol to ^ve dibenzoyi trans-(+)-4R-acei03qr-3R- 
methylpiperidine-D-taitrate. Yield 9.4 g (37,6 %), [a ]d+ 59.3 ° (c = 1%^ methanol sohition), 
Ca6Ba9NOio, m/z 516 (M+1), PMR (DjO): 0.92 (3H, d, CH3, j = 8Hz), 1.64 (IH. m, H3), 2.05 
(3H, s. COCHb). 2.2 (2H. m, H5), 2.82 (IH, t. Ha. j = 12 Hz), 3.08 (IH, dl, H2, j = 3 Hz, 12 Hz), 
3.4 (2H. m, He), 4.66 (IH, to, H4), 5.65 (2H; s. CH), 7.5 (4H, I, Aifl, j = 8Hz), 7.65 (21^ t, Aii^ 
j = 8Hz), 8.08 (4B, d, ArH, j = 8Hz). 

Dibenzoyi trans-(+)-4R-acetoxy-3R-methylpij)«idine-D-tartrate (18.8 g, 36.5 mole) was 
suspended in eihyl achate (250 ml) and basnfied (pH 8.5) with 10% sodium caibonate sohition. 
Elhyl acetate l^o* was sqiarated, wa^ed wiih water, dried (NazSOA) and concentFated to afford 
trans-(-)-4R-acetoxy-3R-mefliylpiperidine. Yield 5.4 g (95.7 %), [a ]d- 12 ° (c » 1%, methanol 
solution), CdHi^Q2, m/z 158 (M+1), PMR (CDCI3): 0.94 (3Ii d, CHb, j » 8Hz), 1.42 (Ift m, 
H3), 1.67 (IH, m, H5), 1.98 (IH, m, HsX 2.08 (3H, s, COCKb), 2.3 (IH, t, Hj, j = 12 Hz), 2.68 
(IH, dt, ifc, j = 3 Hz, 12HzX 3.04 (2H, m. Be), 4.5 (IH, dt, H*, j =3 Hz, 12 Hz). 

Prqiaration6 
Trans-r-V4R-1iydfoxv..3R-methvlpiperidine 
A sohition of frans-(->l-ben2yl-4R-acetaxy-3R-mefliylpipaidine (5.4 g, 0.0218 mole) in 
aqueous NaOH (10 ml, 10 %) was Teflunsd for 15 hr, cocked and extracted wifli ^yl acetate (2 
X 50 ml). The ethyl acetate extract was washed wifli wato-, dried over sodhun sulphate, 
concentrated to fiimish trans-(-)-l-benzyl-4R-hydroxy-3R-methylpiperidine as coloriess oil. 
Yield 4.1 g (94 %), C13H19NO, m/z 206 (M+1), PMR (CDCI3): 0.98 (3H, d, CH3, j = 8Hz), 1.56- 
1.8 (3H, mJHa & Hs), 1.88-2.14 (2H, m, Hs), 2.86 (2^ dl, H2, j = 3 Hz, 12 Hz), 3.14 (IH, m, 
H*), 3.52 (2H, s, N-CH2), 7.3 (5H, m. ArH). 
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A mixtore of trans-(->beii2yl-4R-hydioxy-3R-methylpiperidme (4.1 g, 0.02 mole) and 
palladium hydroxide (1.4 g) in methanol (25 ml) was stirred at 50-55 under hydrogen (1 
atmosphere) for 20 hr. The catalyst was filtered off and washed with mettianol The filtrate was 
concentrated to dryness to give trans-(-)-4R-hydroxy-3R-methylpiperidine as an oil. Yield 23g 
(98 %), CsHisNO, m/z 116 (M+1), PMR (phOD): 0.98 (3H, d, CH3. j = 8Hz), 1.6 (2H, m, H3 
& H5), 2.04 (IH, m, H5). 2.64 (IH, t, H2. j = 12 Hz), 252 (IH, dt, H2. j = 3 Hz, 12 Hz). 3.28 (3H, 
m,H4&H«). 

Cis-4-fRSVacetOT v-3-(SRVmethvlpiDeridine 
A mixture of ci&-l-ben2yl-4-(ElS)-acetoxy-3-(SR)-mediylpiperidine [7 g, 28.5 mmole {prepared 
according to fiterature procedure desraibed in AJ.Casy and WJCJeffery, Can.J.Chem., 
50(1972),803}] and 20% palladium hydroxide (1.8 g) in methanol (25 ml) was stirred at 50 - 55 
°C under hydrogwi (1 atmosphere) for 20 hr. The catafyst was filtwed off and washed wifli 
methanol. Filtrate was concentrated to give cis-4-(RS)-acetoxy-3-(SR>methylpiperidine as oiL 
Yield 4.4 g (99%), CgHi^Oz, m/z 158 (M+1), PMR (CDCli): 0.94 (3H, d. CH3, j = 8Hz), 1.42 
(IH, m, H3), 1.67 (IH, m, H5), 1.98 (IH. m, H5), 2.08 (3H, s, COCH3), 2.31 (IH, t, H2, j - 12 
Hz), 2.68 (IH, dt, H2, j = 3 Hz, 12 Hz), 3.04 (2H, m. He), 4.95 (IH, d, H*, j = 6 Hz). 

I Preparation 8 

Cis-f+V4S-acetoxy-3R-methylpiperidine 
A solution of dibenzoyl L-(-)-tartaric acid monohydrate (4.42 g, 11.78 mmole) in ethyl acetate 
(10 ml) was added to the stirred solution of cis-4-(RS)-acetoxy-3-(SR)-methylpiperidine (3.7 g, 
23.56 mole) in ethyl acetate (10 ml). The solid thus separated was filtered, washed with ethyl 
acetate (25 nil) and recrystallized &om meflianol to give dibenzoyl cis-(-)-4S-acetoxy-3R- 
methylpiperidine-L-taitrate; Yield 1.8 g (30 %), [a ]d- 43.8 °. C26H29NO10, m/z 516 (M+1), 
PMR (D2O): 0.94 (3H, d, CH3, j = 8Hz), 1.42 (IH, m. H3), 167 (IH, m. H5), 1.98 (IH. m, H5), 
2.08 (3H. s, COCH3), 2.31 (IH. t, Hj, j = 12 Hz), 2.68 (IH. dt. H2, j = 3 Hz, 12 Hz), 3.04 (2H, m. 
Hi), 4.95 (IH. m, H*), 5.65 (2H, s, CH), 7.5 (4H, t, Arli^ j = 8Hz). 7.65 (2H. t, ArH, j = 8Hz). 
8.08(4H,d,ArH,j = 8Hz). 

Dibenzoyl cis-(-)-4S-acetoxy-3R-melhylpq>eridine-L-tartrate (1.8 g, 3.495 mmole) was 
suspended m ethyl acetate (10 ml) and basified (pH 8.5) with 10% sodium carbonate solution. 
Ethyl acetate layer was sqiarated, washed with water, dried Q^AiSO*) and concentrated to 
dryness to fUmish cis-(+)-4S-acetoxy-3R-methylpiperidine as colourless ofl. Yield 0.5 g (90 %), 
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[a ]d+ 22 \ CsHisNOz, m/z 158 0^1), PMR (CDOa): 0,94 (31^ d, CSHs, j = SHs), 1.42 (IH^ m, 
a), 1.67 (IH, m, Bsl 1.98 (IH, xn, H5), 2.08 (31^ % COCEfe), 2.31 (IH, t, Bb, j - 12 HzX 2.68 
(11^ dt, j = 3 Hz, 12 HzX 3.(M (2H, m, H^j), 4.95 (1^ 

Preparation 9 
Cis-(->V4R>acetoxy-3S-m^vlpipmdiTO 
A solution of dibenzoyl D-(+)-tarta]ic add (4.19 g, 11.78 nunole) in ethyl acetate (10 ml) was 
added to the stirred sohition of cis^(RS>acetoxy-3-(SR>'methylpiperidine (3.7 g, 23.56 mole) 
in ethyl acetate (10 ml). The salt thus separated was filtered, washed with ethyl acetate (10 ml) 
and recrystallized fi'om methanol to g^^ve dibenzoyl cis-(+)-4R-acetoxy-3S-me4yl piperidine-D- 
tartrate. Yield 1.5 g (25 %), [a ]d+ 42 \ CaeKfeNOio, m/z 516 (Nff 1), PMR (D2O): 0.94 (3H, d, 
CH3, j = 8Hz), 1.42 (IH, m, H3X 167 (IH, m, H5), 1.98 (IH, m, H5), 2.08 (3H, s, COCH3), 2.31 
(IH, t, H2, j - 12 Hz), 2.68 (IH, dt, H2, j = 3 Hz, 12 Hz), 3.04 (2H, m, H^), 4.95 (IH, m, H4), 
5.65 (2H, s, CH). 7.5 (4H, 1, ArH, j = 8Hz), 7.65 (2H. t, ArH, j = 8Hz), 8.08 (4H, d, ArH, j = 
8Hz). 

Dibenzoyl cis-(+)^R-acetoxy-3S-methylpiperidine-D-tartrate (1.5 g, 2.913 mmole) was 
suspended in ethyl acetate (10 ml) and basified (pK 8.5) with 10% sodium carbonate solutioa 
Ethyl acetate layer was separated, washed with water, dried (Na2S04) and concentrated to afford 
c«K-)-4R-acetaxy-3S-methylpiperidiae. Tield 0.46 g (100 %), [a ]d- 30,5 \ C8H15NO2, m/z 
158 (M+1), PMR (CDCh): 0.94 (3H, d, Ofe, j = 8Hz), 1.42 (IH, m, H3), 1.67 (IH, m, Hs), 1-98 
(IH, m, H5), 2.08 (3H, s, COCSHs), 2.3 1 (IH, t, H2, j « 12 Hz), 2.68 (IH, dt, Hj, j = 3 Hz, 12 Hz), 
3.04 m, Bel 4.95 (IH, d, H4, j = 6 Hz), 

Preparation 10 

4-Hvdroxv-3>trifluoromethylpiperidine 

l-benzylpq)eridui-4-one (12 g, 63.S nomole) was added to the stirred suspen^on of sodium 

l^dride (3.0 g, 127.0 mmole) in tetrahydrofiuan (100 ml) at -5 °C. The reaction mixture was 

stirred far 15 min, trifluoromethyl iodide (25 g; 127.0 mmole) was bubbled over a period of 4hr 

at -5 and stirring continued for 1 hr. The resulting mixture was stured for 16 hr at ambient 

temperature, saturated sodium sulphate solution (20 ml) was added and diluted witii ethyl acetate 

(200 ml). Btiiyl acetate lay^ was separated, dried (Na2S04) and concentrated to fismish crude 

product, which was purified through cokunn chromatogFaphy. Ehrte fiom hexane afforded 1- 

ben2yl-3-trifluoromethylpipaidinr4-one as oil and 20% ethyl acetate in hexane gave the 
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unreacted l-benzylpipOTdm-4-one (9.5 g). Yield 2.1 g (44 %, based on reacted 1-benzyl 
piperidin-4-one), C13H14F3NO, m/z 258 (M+1), PMR (CDQa): 2.54 (2H, m, Kfe), 3,02 (2H, m, 
H2), 3 .6 (3H, m, H3 & H5), 4.3 6 (2H, s, 7^8 (5H, m, ArH). 

5 Sodium borohydride (0.6 g, 16.0 mmole) was added to tiie stirred solution of l-benzyl-3- 
trifluoromediylpip«idin-4-one (2.1 g, 8.2 mmole) in methanol (25 ml) at 0 - 5 over a period 
of 5 min, and stirring was continued for 2 lu* at ambient temper^ The reaction mixture was 
concentrated to dryness, triturated Twth watw (20 ml) and extracted with chloroform. The 
chloroform extract was dried over sodimn sulphate and concentrated to dryness to fiimish 1- 

10 benzyl-4-hydraxy-3-trifluordmethylpiperidine as oil. Yield 1.8 g (85 %), C13H16F3NO, m/z 259 
(M+1). 

A mixture of l-ben^l-4-hydroxy-3-trifluoromethylpiperidine (1.8 g, 6.94 mmole and 20% 
palladium hydroxide (0.5 g) in methanol (25 ml) was stiired in hydrogen atmosphere (l.atm.) for 
15 17 hr at 50 OC. Catalyst was filtered ofl^ washed ipwth methanol, filtrate was concentrated to 
diyness to ^e 4-hydroxy-3-trifluoromefliylinperi<Kne as wl. Tidd 0.7 g (60 %), C6HiaF3NO, 
m/z 170 (M+1). 

Prqparation 11 
3.3-Dimethvl-4-hydrc»ypiperidine 

20 Sodhim borolQrdride (0.456 g, 12.0 mmole) was added to the stirred solution of l-hemgrl-3,3- 
dhnetihylpiperidffl-4-oi» [{pr^Mired accordmg to Uteratm« procedure described in US patent US 
5,846,980) 5.4 g, 24.0 mmole] m methanol (25 ml) at 0 - 5 "C ovw a paiod of 15 min, and 
stilling was continued for 30 nun. The reaction mixture was concentrated to diyness, triturated 
with water (25 ml) and extracted with ethyl acetate (2 X 1 00 nJ). The extract was dried (sodhnn 

25 sulphate) and concentrated to diyness to fiiroish l-benzyl-3,3-dimelhyl-4-hydroxypiperidme as 
oil rield 5.2 g (96 %), Ci4HaiN0, m/z 220 (M+1), PMR (COas): 0.83 (3H, s, CHsX 113 (3H, 
s, CH3), 1.29 (IH. m, H,). 1.62^1.9 (2H, m. Ha & H5), 2.14 (IH, m, H^), 2.38 (IB^ d. Hi, j = 12 
Hz), 2.8 (IH, m, H*), 3.12 (IH, m, H4), 3.46 (2H, s, N-CH2), 7.3 (5H, m. ArH). 

30 A mixture of l-benzyl-3,3-dimethyl-4-hydroxypipCTidine (5.0 g, 22.0 mmole) and 20% 

pafladium hydroxide (1.5 g) in methanol (100 ml) was stirred at 50 - 55°C in hydrogai 

atmosphere (1 atm.) for 20 hr. Catalyst was filtCTed of^ washed wth meflianol, filtrate was 

concentrated to dryness to ^ve 3,3-dimethyl-4-hydroxypiperidine as oil. Yield 2.9 g (94 %), 

CrHijNO. m/z 130 (M+lX PMR (CDCfe): 0.83 (3H, s, Wi, 113 (3H, s, Ofe), 1.29 (la m, 
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Hs), 1.45-1.9 (2B^ m, Hs & Ifc), 2A (IH, d, H^, j = 12 Hz), 2.68 (IB^ d, Hz, j = 12 Hk), 3.08 (IH; 
m, H^X 3.4 (U^ dd, H4, j = 6Hz & 12 Hz). 

Preparation 12 
3>]Ethyl-4-^ydrpxypiperidiii^ 

5 Sodium borohydride (0.456 g, 12.0 nunole) was added to the stiired solution of l-benzyl-3-etliyl 
piperidin-4-one (5.4 g, 24.0 nunole) in methanol (25 ml) at 0 - SX over a period of IS min, and 
stirring was continued fcsr 30 min at ambient temperature. The reaction mjxture was 
concentrated to dryness, tritutated with water (25 ml) and extracted with ^yl acetate (2 X 100 
nd). The extract was dried (sodium sulphate) and concentrated to dryness to finnish l-benzyl-3- 

10 ethyM-hydroxypiperidine product as oil, which was used as such in the next step. Yield 5.2 g 
(96 %XCi4ffciN0, m/z 220 (M+1). 

A mixture of l-benzyl-3-ethyl-4-hydroxypiperidine (5.0 g, 22.0 mmole) and palladium 
hydroxide (1.5 g) in methanol (100 ml) was stirred at 5.0 g, 22.0 mmole) and palladium 
15 hydroxide (1.5 g) inmethanol (100 ml) was stirred at 50 - SS'^C in hydrog^ atmosphere (1 atm.) 
for 20 hr. The catalyst was filtered ofi^ washed with methanol, and filtrate was concentated to 
dryness to give 3-ethyl-4-hydroxypiperidine as oiL Yield 2.9 g (94%), C7H15NO, m/z 130 
01+1). 

Prq)aration 13 

20 3.3>Diethvl-4-hydroxvpiperidine 

Sodium borohydride (0.3 g, 8.13 mmole) was added to the stirred solution of l-benzyl-3,3- 
dietiiylpiperidin-4-one (4.0 & 16.26 mmole) m methanol (22 ml) at 0 - 5^C over a period of 15 
mill, and stirring was continued for 30 min. The reaction mixture was concentrated to dryness, 
triturated with water (25 ml) and extracted witii ethyl acetate (2 X 100 mQ. The extract was 

25 dried (sodium sulphate) and concentrated to dryness to fiimish l-benzyl-3,3-diethyl-4-hydroxy- 
piperidine as oil. Yield 3.9 g (97 %X C16H24NO, m/z 248 (M+1). 

A mixture of l-benzyl-3,3-diethyl-4-hydn>xypiperidine (3.9 g, 15.85 mmole) and 20% 
palladium hydroxide (1.0 g) in methanol (100 ml) was stirred at 40*^C in hydrogen atmosph^e 
30 (3,5 atm.) for 6 hr. Catalyst was filtered ofl^ washed with methanol, filtrate was concentrated to 
dryness to ^e 3,3-diethyl-4-liydroxypiperidhxe as oil. Yield 1.8 g (73 %),. C9H15NO, m/z 158 
0^1). 

Preparation 14 

3J-Dimetfayl-4«hvdroxypiperidine 
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Sodhun bo2X>hydride (6.5 g, 0.173 mole) was added to tibe stined solution of l-b0izyl-3,S- 
dim^ylpiperidm-4-oiie (25.0 g, 0.15 mole) in medianol (200 mQ at 5 - lO^'C om a period of 
^0 mtti^ an^ gtirring was cQntimied for 30 min at 35*^0 , The reaction mkture ivas conccnti^ 
to diyness, tritmsted with water (50 ml) and extracted with chloroform (2 X 50 ml). The extract 
5 was dried ^a2S04) and concentrated to dryness to fiimish 14>en2yl-3,S-d]metliyl-4- 
hydroxypiperidine as oil Yield 25.0 g (99 %), Ci4HaiN0, m/z 220 (M+1). 

A mixture of l-ben2yl-3,5^1imediyl-4-faydroxyp]pmdme (1.0 g, 4jS6 mmole) and 20% 
palladmm hydroxide (0.3 g) in methanol (20 ml) was stirred at room tenq)erature in hydrogen 
10 atmospha*e (1 atm.) for 4 hr. Catalyst was filtered o£^ washed with methanol, filtrate was 
concentrated to dryness to give 3,5-<Jim^yl-4-hydroxypiperidine. Yield 0.5 g (90 %), 
C7H15NO, m/z 130 (M+1), PMR (CDCI3): 0.9 (6H, m, 2XCH3), 1.44. (IH, m, H3X 17 (IH, m, 
H5), 2.3 (IH, m, BeX 2.46 - 2.84 (2H, m, H3 & He), 2.98 (IH, m, Bb), 3.3-3.7 (IH, m, H4). 

15 Preparation IS 

4-Acetoxy-l-benzvl-3.5-dimethylpiperidine 
A mixture of N-ben2yl-4-hydroxy-3,5-dim^ylpiperidine (21.9 g, 0.1 mole), acetic anhydride 
(15,3 g), N,l^-dimethyl-4-aminopyridine (0.01 g) and pyridine (100 ml) was stirred at llO'^C for 
2 hr. The reaction mixture was concentrated to dryness, triturated with v/Bt&r (50 ml) and 

20 extracted with chloroform (2 X 50 ml). The extract was dried Cf^a2S04) and concentrated to 
dryness to furmsli a oude nnxture of ds- and tcans-4-aceto^-14>enzyl-3,5-donethylpiperidine. 
Yield 16 g (61.3%X CidBbNOa, m/z 262 (M+1). 

The obtained mixture of cis- and trans-4-aceto^-l--ben2yl-3,5-dimediylpq)eridin6 was separated 
25 by silica column dbromatography. Qute fiiom 5% ethyl acetate in hexane gave trans-4-acet037- 
l-ben2yl.3>dimethylpiperidma Yield 92 g (30.9%X ntp. 43*(; CitfUsNQz, m/z 262 (M+l), 
PMR(CDCl3): 0.88 (6B, d, 2XCtfe, j = 6 Hz), 1.68-1.92 (4H, m, Hi, a,H5 &&), 2.08 (3H, 
s, COCEJs), 2.83 (ZH, d,H2&Hk, j = 8 Hz), 3.46 (2H, s, CHj-Ar), 4.28 (IH, t,H;». j = 12 Hz), 
7.24- 7.4 (5H,m,Ph). 

30 

Ehite fixmi 10% ethyl acetate in hexane gave cis^aceto;^-l-ben2yl-3,5-dmethylprperidine. 

Yidd 5.0 g (16.8%), m.p. 48'C CiaHasNQz, m/z 262 ^+1), PMR QCDCI3): 0.78 (6H, d, 2XCH3, 

j - 6 Hz), 1.86 - 2.02 (4H, m, Ha, H3, H3 & He), 2.1 (3H, s, COCaEfe), 2.55 (ZH, d. Hi & Hk, j - 8 

Hz), 3.52 (2H, s, CHi-Ar), 5.08 (IH, s, H4), 7.21 - 7.4 (5H, m, Ph). 
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Preparation 16 
Trans-3, S>Dimeflivl«4-hvdroxvpiperidine 
Hie obtained tran5-4-acetoxy*l-benzyl->3,S-dimetiqrlpiperidine (9^ g, 0.Q35 mole) was refluxed 
with a mixture of ^banol (10 nil) and aqueous S NNaOH(S0 ml) far 24 far, cooled^ diluted with 
5 water and extracted wi&eth^ acetate (2 X SO ml). 

The extract ivas washed ivith wato; dried (sodium sulphate), concentrated to fimdsh trans-l- 
benzyl-4-hydroxy-3,5-dimethyipiperidine. Yield 7J2 g (100 %X m.p. 85^C, Ci4HmNO, m/z 220 
(M+l), PMR (CDCI3): 0.9 (6H, d, 2KCH^ j = 6 Ife), 1.42 (IH, bs, OH, D2O exchang^ble), 1.64 
10 -1.9(4H,m,H2,H3,H5&H^),2.66(lH,t,H4,j-12B[z),2.81(2H,d,H^ 
(2H, s, CH2-Ar), 7.22 - 7.4 (5H, m, Ph). 

A mixture of trans-l-benzyl-3, 5-dimethyl-4-hydroxypiperidine (7,72 g, 0.0353 mole) and 20% 
palladium hydroxide (1.0 g) m methanol (80 ml) was stirred at room temperature m hydrogen 

15 atmosphere (3 atm.) for 15 hr. Catalyst was filtered ofl^ washed with methanol, filtrate was 
concentrated to dryness to give trans-S, 5-dimethyl-4-hydroxypiperidine. Yield 4.54 g (100 %), 
m.p. 120-22°C, C7H15NO, m/z 130 (M+l), PMR (CDCI3): 0.95 (6H, m, 2XCH3), 1.4 -1.7 (4H, 
m, H3, H5, NH & OH, 2H D2O exchangeable), 2.3 (2H, m. Ha & Bel 2.76 (IH, t, H4, j = 12 Hz), 
3.02(2H,m,H2&H<j). 

20 Preparation 17 

CS&-3. 5-Dhnelhvl-4-hvdtt)xypipCTidine 
The obtained ds^-acetoxy-l-benzyl-3,S-dimefhylpiperidine (4.9 g, 0.0188 mole) was xefluxed 
with a ndxtuTB of efhanol (8 ml) and aqueous 5 NNaOH (40 ml) for 24 hr, cooled, diluted with 
water and extracted widi ethyl acetate (2 X SO ml). The extract was washed with water, dried 

25 (sodium sulphate), concentrated to furnish cis-l-bcn2yl-4-l5rdr0xy-3,5-^ethylpiperidina Yield 
4,1 1 g (100 %X n».p. 60*^0, C14E&1NO, m/z 220 (M+l), PMR (CDCI3): 0.9 (6H, d, 2XCH3, j = 6 
H2), 1 .64 (11^ bs, OH, P2O exchangeable), 1.8 - 2.05 (4B^ m. Ha, H3, H5 & He), 2.5 (2H, d. Ha 
& He, j » 8 Hz), 3.48 (2H, s, CH2-Ar), 3.54 (IH. t, H4, j - 12 Hz), 7.24 - 7^ 

30 A nnxture of cis-l-ben2yI-3, S-dime%I*4-hydrox)^iperidine (4.11 g, 0.01877 mole) and 20% 

paUadium faydro?dde (O.S g) in methanol (SO ml) was stirred at room temperature in hydrogen 

atmosphere (3 atm.) for IS hr. Catalyst was fihmd ofi^ washed with methanol, ffltrate was 

concentrated to dryness to ©vc cis-3, 5-dimethyl-4-hydroxyirip©ridine. Yield 2.1 g (86.8 %), 

HLp. 162-64 ^C, CzHisNO, m/z 130 (M+l), PMR (CDCb): 0.94 (6H, m, 2XCH3), 1.68 - 1.84 
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(2H, m, a&Ifc), Z5 (2H, m, NH& OHD2O exchaDgeable), 2.48-2.72 (4B. m, Ife & H5), 
3.62(1H;s,H4). 

Preparation 18 
3>Eflivl-4-hvdroxv>3>methvlpit)eridiae 

5 Method 1 

l-Beiizyl-3-iiietlKyl-pipendiii-^ (50 g, 246 mmole) ivas added to fhe stiired suspen^on of 
sodium hydride (12.0 g, 300.0 mmole) in tetiahydiofuiBn (SOO ml) at ambient temperature and 
sdiring was continued for 1 hr. Ethyl iodide (42.5 ml, 520.0 namole) in dry tetrahydrofinan (100 
m^ was added it at 0-5'*C. The resulting mixture stirred at room tempoature for 18 hr, water 

10 (100 ml) and etiiyl acetate (800 ml) were added respectively. Organic layer was separated, dried 
(Na2S04) and concentrated to give crude product, which was purified through cohimn 
chromatography. Ehjte from 5% ethyl acetate in hexane ajBforded l-benzyl-3,5-diethyl-3- 
mefliylpiperidin-4-one. Yield 12.0 g (19 %), CnHbNO, m/z 260 (Nft-1). 

15 Hution from 10 % ethyl acetate in hexane gave l-ben2yl-3-€thyl-3-methylpiperidin-4-one as 
(Ml, which was used m the next step. Yield 25.0 g (46 %) Ci5HbiN0, m/z 232 (WH-1). 

Mefliod2 

l-Benzyl-3-ethylpipmdin-4-one (2 g, 9J2 mmole) was added to the stirred suspension of 
20 potassium tert-butoxide (1.5 g, 13.3 mmole) in tdrahydrofuran (25 ml) at OX. The reaction 
mixture was stirred for 15 min, methyl iodide (2 g, 14.1 mmole) was added over a period of 10 
min at O^'C and stirring continued for i hr. The resuhtngimxture was stirred for 161ir atambirat 
tOTipOTture, watar (25 ml) was added and extracted witii etiiyl acetate (100 ml). Efliyl acetate 
layer on concentrated fiimished l-ben:^l-3-clhyl-3-mefliylpiperid-4-one as oil, which was used 
25 as such in tiie next step. Yield 1 .5 g (71 %X C15H21NO, m/z 232 (M+l), 

Sodmm borol^dride (0.3 g, 9,0 mmole) was added to the stirred, solution of the l-benzyl-3- 
ettjyl-3-mefliylpiperid-4-one (1.5 g, 6.5 mmole) in methanol (20 ml) at 0 - 5**C over a period of 5 
min^ and stirring was continued for 2 hr at ambient temperature. The reaction mixture was 
30 concentrated to dryness, triturated witii water (20 ml) and extracted witfi ethyl acetate (2 X 50 
ml). The extract was dried over sodium sulphate and concentrated to dryness to fomish 1- 
benzyl-3-ethyl-4-hydroxyr-3-methylpipmdine product as oil, which was used as such in the next 
step. Tidd 1.1 g (74 %), C15H23NO, m/z 234 (M+l). 
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A mixture of 14>eiizyl-3-«thyl-4-hydn>?c/-3-mel]iylpipm^ (LI g, 4.74 mmole) and 20% 
paPadmm hydrcsdde (0.4 g) in methanol (20 ml) vm sdrred at amUent temperature in hydrogen 
atmosphere (1 atm.) for 20 hr. Catalyst was filtered of^ washed with methanol, filtrate was 
concentrated to dryness to g^ve 3-ethyl-4-hydroxy-3-methylpiperidine as oiL Yield 0.6 g (90 %), 
CdHnNO, m/z 144 (M+IX PMR (CDCI3): 0,7-1.06 (6H, m, 2X013), 1.24-2.0 (5H, m, CH2, Hs, 
NH & OH, NH& OH ThP exchangeable), 2.3 (IH, m, Hj), 2.62-3.18 (2E^ m, H2), 3.3-3.8 (3H, 
ni,H4&H6). 

Preparatiftn 19 
4-Hydroxy-3-n-prDpvipiperidine 
l'4)enzylpiperidin*4-one (10 g, 53 .0 mmole) was added to the stirred suspension of potassium 
tort butoxide (6.0 g» S4.0 mmole) in tetrahydrofin:an (50 ml) at lO^C. The reaction mixture was 
stirred for 15 min, n-prop^ iodide (13 g» 76.0 mmole) was added at lO^C. The resulting mixture 
allowed coming at room ten^^ature and stirred for 16 hr and concentrated to dryness. The 
residue was triturated with water, extracted with ethyl acetate^ dried (Nri^04) and concentrated 
to ffve a mixture of l-benzyl-3-nrpropylpiperidin-4-on6 and l-benzyl-3,3-nrdipropylpiperidin-4- 
one, which were separated through column chromatography. Ehite fiom 10% ethyl acetate in 
hexane afibrded l-benzyl-3-n-propylpipaidin-4-one. Yield 4.0 g (33%), C15H21NO, m/z 232 
(M+1). 

Further dution fiom 10% ethyl acetate in hexane fiunished l-benzyl-3,3-n,xi-dipn)pylpiperidin- 
4-oneasoiI. Yield 3.1 g (22%), CnJIryNO, m/z 274 (M+1). 

Sodhmi borohydride (0.5 g, 15.6 mmole) was added to the stirred sohrtion of l-benzyl-3-n-* 
pn)pylpq}eridin-4-one (4.0 g 17.3 mmole) in methanol (25 mQ at 0 - 5^C over a period of 5 min, 
and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to diyness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
acetate extract was dried ^aaSO^) and concentrated to diyness to furnish l-benzyl-4-hydroxy-3- 
n-propylpiperidine as oil. Yield 3.3 g (81 %\ C13H23NO, m/z 234 (M+1). 

A mixture of l-benzyl-4-hydroxy-3-n-propylpiperidine ^.3 g, 14.16 mmole) and 20% palladium 

hydroxide (0.25 g) in methanol (25 ml) was stirred in hydrogen atmosphere (1 atm.) for 24 hr at 

30*^0. Catalyst was filt^ed ofl^ washed with methanol, filtrate was concentrated to diyness to 

give 4-hydroxy-3-nrpropylpiperidme as oil Yield 1.8 g (90 %), CgHnNO, m/z 144 0^+1), PMR 

(CDCI3): 0.92 (3H, t, CEk, j = 8 Hz), 1.2 - L52 (5H, m, 2 X CHj & H3), 1.72 (IH, m, H5), 1.94 
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A mixture of l4)en2yl-4-lQrdioxy-3-iso|TOiij^piperidi^^ (2.9" g, 1Z44 mmole) and 20% 
palladium hydroxide (0.25 g) in medmnol ^ ml) was stirred in hsrdrogen atnioq>liere (1 atm.) 
fi>r24lirat300C. C^ystWBfiltemlQfl^ washed \with methanol filtrate vras 
dryness .to give 4-hydraxy-3-isopropylpiperidine as oil Tidd 1.6 g (80 %X C8H17NO, m/z 144 
5 (M+1) PMR (CDCB): 0.9 (6H, m. 2 X Cm\ 1.1 - 1.64 (2H, m. Ctt & H3), 1.66 - 2.42 (3B^ m, 
H5. & OH. D20 exchangeableX 2.62 (IH, m, H2), 3.02 (2H, m, H6), 3.45 (IH, bs, NH, D20 
exchangeable), 3.54 (IH, m, H6), 4.18 (IB, m. H4). 

Preparation 22 

10 3-n-Butvl-4-hydfO}cvpiperidine 

l-benzyIpiperidin-4-ooe (10 g. 53.0 mmoleywas added to the stirred suspension of potasaum 
tert. butoxide (6.0 g, 54.0 mmole) in tetrahydrofiiran (50 ml) at lO'C. The reaction mixture was 
stirred for 15 min, n-butyl iodide (13 g, 70.6 mmole) was added at 10°C. The resulting mixture 
allowed coming at room tenq)erature and stirred for 48 hr and concentrated to dryness. The 

15 residue was triturated with water, extracted Twth efliyl acetate dried (Na2S04) and concentrated 
to ffve a mixture of l-ben2yl-3-tt-butylpiperi<fin-4-one and l-benzyl-3,3-n,n-dibut5rlpiperidinr4- 
one, wMch were separated through cobmn chromatography. Ehite from 10% ethyl acetate in 
hexane affbided l-benzyl-3-n-butylpiperidm-4-one. Yield 2.8 g (22%), CieHzsNO, m/z 246 
(M+l). 

20 

Further ehrtion from 10% cth^ acetate in hexane furnished l-benzyl-3,3-n,nrdibutylpipaidin-4- 
one as oil Yield 3.8 g (28%), CaJlsiNO, m/z 302 ^+1). 

Sodium borohydride (0.4 g, 12.2 mmole) was added to the stirred sohition of l-benzyI-3-nr 
25 butylpiperidin-4-one (2.8 g, 9.3 mmole) in methanol (20 ml) at 0 - 5°C over a period of 5 mii^ 
and stirring was continued for 1 hr at ambient tenqwrature. The reaction nuxture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The etiqrl 
acetate extract was dried (PJh^a) and concentrated to dryness to fiunish l-ben2yl-3-n-b«tyl-4- 
hydroxypiperidine as oiL Yield 2.5 g (86 %), Ci^HzsNO, m/z 248 (M+1). 

30 

A mixture of l-benzyl-3-n-butyl-4-hydroxypiperidine (2.5 g, 10.0 nunole) and 20% paBadhun 

hydroxide (0.2 g) in methanol (25 m^ was stirred in hydrogen atmosphere (1 atm.) fi>r 24 hr at 

30 OC. Catalyst was fihered of^ washed with methanol, filtrate was concaitrated to dryness to 

give 3-n-bulyl-4-hydroxypipaidine as oil Yield 1.4 g (87 %), C9m9NO, mfz 158 (M+1) PMR 
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(CDC13): 0.94 (3H, 1, CHB, j = 8 Hz). 1.04 - 1.54 (TH, m, 3 X CH2 & H3), 1.74 (lli m, H5), 
1.98 (2H, m, H5, & OH, D20 exchangeable), 2.22 (IH; m, H2), 2,7 (IB^ m, H6), 3.12 (IH^ m, 
H2), 3.3 (IH, m, H6), 3.46 (IH te, UH^ D20 cjahangeableX 3.98 (11^ m, H4). 

5 Preparation 23 

3,3-Di-n-butvl-4>hydroxvpiperidine 
Sodium borohydride (0.5 g, 15.6 mmole) was added to flie sdmed sobtion of l-l)en3ryl-3,3-iiji- 
dibutylpiperidin-4-one (3.8 g, 12.6 mmole) in meflianol (25 ml) at 0 - 5*^0 over a paiod of 15 
min, and sdmng was continued for 30 mia The reaction mixture was concentrated to dryness^ 

10 triturated with water (25 ml) and extracted with ethyl acetate (2 X 100 ml). The extract was 
dried (sodium sulphate) and concentrated to dryness to fiunish l-ben2yl-3,3-di-n-butyl-4- 
hydroxy-piperidine as oil. Yield 3.0 g (78 %), C2oH33NO, m/z 304 (M+1). 

A mbcture of l-benzyl-3,3-di-n-bulyI-4-hydro:?q^iperidine (0.9 g, 2.97 mmole) and 20% 
IS palladmm hydroxide (0.2 g) in methanol (20 ml) was stirred at ambient temp^-ature in hydrogra 
atmo^ere (1 atm.) fixr 8 hn Catalyst was filtered o£^ washed witii methanol, filtrate was 
concentrated to dryness to gjve 3,3-di-n-bu^-4-hydroxypiperidine as oiL Yield 0.5 g (85 %), 
Ci4H27NO, m/z 214 (M+l). 

Preparation 24 

10 4rHvdraxv-^34sobutv^eridine 

l-benzylpiperidin-4-one (10 g^ 53.0 mmole) was added to the sdned suspendon of potasdum 
t^ butoxide (7.0 g, 59.0 nmiole) in tetrahydrofixran (50 ml) at lOX. The reaction mbcture was 
stirred for IS ndn, isobutyi iodide (10.0 g, 54.0 mmole) was added at lO^C. The resulting 
mbcture stirred for 16 hr at room temperature, refloxed for 3 hr and CO The 

25 residue was triturated with water, extracted with ethyl acetate, dried (Na2S04) and concentrated 
to give oiide product, which was purified through cohunn chromatogr^hy. Ebite 6om 10% 
ethyl acetate in hexane aflforded l-ben2yl-3-isobutylpiperidin-4-one. Yield 1.0 g (9 %), 
C16H23NO, m/z 246 GM+1). 

30 Sodium borohydride (0.3 g, 9.0 mmole) was added to the stirred solution of 14)enzyl-3- 
isobutyIpiperidin-4-one (1.0 & 4.0 mmole) in methanol (10 ml) at 0 - S^'C over a period of 5 
min, and stirring was continued for 1 hr at ambient tempoiature. The reaction mixture was 
concentrated to dryness^ triturated with water (20 ml) and extracted with etiiyl acetate. The ^yl 
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acetate extract was dried CNa2S04) arid concentrated to dryness to furnish l-ben2yl-4-hydroay-3- 
isobutylpiperidine as oil. Yidd 0.63 g (54 %), CieRssNO, m/z 248 (ME+1). 

A mixture of l-bengrl^hydroxy-3-isobutylpiperidine (0.63 g, 2.5 mmole) and 20% palladium 
5 hydroxide (0.1 g) in meflianol (20 mT) was stirred in hydrogen atmosphere (1 atm.) for 48 hr at 
35 OC. Catdyst was fOtoedofi^ washed with methanol»filti^ 

give 4-hydroxy.3-isobutylpiperidme as ml. Yield 0.35 g (91 %X C9H19NO, m/z 158 (M+1). 

PreparatiOD 25 

10 3-Benzvl-4'hvdrosypiperidine 

l-Benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of sodium 
hydride (1.8 g, 53.0 mmole) in tetrahydrofuran (50 ml) at WC. The reaction mixture was 
stirred for 15 min, benzyl bromide (9.0 g, 53.0 mmole) was added at lO^'C. The resulting 
mbdure stirred at room temperature for 4 hr and concentrated to dryness. The residue was 

15 triturated with water, extracted witii ethyl acetate, dried (Na2S04) and concentrated to ^ve crude 
product, vMch was purified through column chromatography. Ehite from 10% ethyl acetate in 
hexane aflForded l,3-dibenzylpiperidin-4-one. Yield 1.8 g (13 %), C19H21NO, m/z 280 (M+1), 
PMR (CDCb): 2.22 - 2.62 (4H; m, H2 & fU), 2.86 (21^ m, H5), 3.2 (IH, dd, H3, j = 12 Hz), 3.45 
(2H, m, CHoAr), 3.68 (2H, m, N-CHaAr), 7.1 - 7.4 (lOH, m, AiH). 

20 

Sodium borohydride (0.3 g, 9.0 mmole) was added to the stirred solution of 1,3- 
diben^lpiperidin-4-one (1.8 g, 6.45 mmole) in methanol (25 ml) at 0 - 5*^0 over a period of 5 
min, and stirring was continued for 1 hr at ambient tcmp^ature. The reaction mbcture was 
concentrated to dryness, triturated wift water (20 ml) and extracted wi^ llie^jd 
25 acetate extract was dried (Na2S04) and concentrated to dryness to fiunish l,3-dibenzyl-4- 
hydroxypiperidine as oiL Tield 1.7 g (91 %), CwHaaNO, m/z 282 (M:hl). 

A mixture of l,3-diben2yl-4.hydroxypipCTidine (1.7 g, 6.0 mmole) and 20% palladium 

hydroxide (0.3 g) in methanol (20 ml) was stirred m hydrogen atmosphere (1 atnt) for 12 hr at 

30 35**C. Catalyst was fiftered ofl^ washed with methanol, filtrate was concentrated to dryness to 

give 4.hydroxy-3-benzylpiperidine as oil Yield LO g (91 %), C12H17NO, m/z 192 (M+1) 

PMR (CDC13): 1.66 (IH, m, H3), 1.94 (IH, m, H5), 2.26 (2H, m, H5, & OH, D20 

exchangeable), 2.62 (IH, m, H2), 2.74 (IH, m, H6), 3.02 (IH, m, H2), 3.34 (IH, m, H6), 3.52 

(IH. bs, NH, D20 exchangeable), 3.9 (IH, m, H4), 4.74 (2H, m, CH2-Ar), 7.28 (5H, m, ArH). 
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Preparation 26 
34-Buto3q^caifeony1 amfflom ^vl^^ 
A mixture of esthyl 3-<N4)en2yIainino)propionate (5.0 g, 24.15 mmole) and acrylomtrile (1.473 
g, 27,77 mmole) was heated at 90X for 24 hr, concentrated in vacuum to remove unreacted 
5 reagents to fiimi^ ethyl 3-(N4)enzyl amino-N-c^anoethyl) propionate as viscous cSL Yidd 6.1 g 
(97%), CisSa^IaO^ m/z 261 (M+1), PMR (CDCU): 1.26 (3H, t, CH3, J = 8Hz), 2.32 ~ 2.62 (4H, 
m, 2 X CH2), 2.74 - 3.0 (41^ m, 2 XNCH2), 3.65 (2H, s, Caa&rAr), 4.15 (TH, q, OCHb, J « 8Hz), 
7.32(5H,m,ArH). 

10 A sohrtion of ethyl 3-(N-ben2ylamino-N-cyanoethyl)propionate (7.5 g, 28.85 nimole) in diy 
xylene (20 ml) was added dropvwse to the stirred suspension of socUum hydride (1.384 g) in dry 
xylene (40 ml). The resulting mixture was stirred at 120X for 2 hr, cooled at S^'C, addiiied with 
Cone. HCl 2) and extracted with ethyl acetate. Ethyl extract was concentrated to ^ve 1- 
ben2yl-3-cyanopiperidin-4-one. Tield 6.0 g (97 %), C13H14N2O, m/z 215 (M+1). 

15 

Sodium borohydride (0.89 g, 23.37 mmole) was added to the stirred solution of l-benzyl-S- 
cyanopiperidin-4-one (2.5 g, 11.68 mmole) in ethanol (125 ml) at O^'C over a period of 30 min, 
and stirring was continued for 2 hr at 5**C. The reaction mixture was concentrated to dryness, 
triturated with water (20 ml) and extracted with ethyl acetate. The extract was concentrated to 
20 dryness to fpmish l-ben2yl-3-cyano-4-hydroxypipcridine product as oil. Yield 1.85 g (73 %) 
Ci3Hi(3S[20, m/z 217 (M+1), PMR (CDCI3): 1.78 (2H; m, HaX 2.22 (IH, m, H3), 2.6 - 3.12 (4H, 
m, H3 & Hfi), 3.58 (IH, m, H4), 3.65 (2B; s, CBb-Ar), 7.32 (5H, s, ArBO- 

A mixture of l-benzyl-3-cyano-4-hydroxypiperidine (2.3 g, 10.64 mmole) and lithhim alummum 
25 hydride (0.6 g, 15.97 mmole) in dry tefaahydro&ran (50 ml) was refluxed for 2 hr. The reaction 
mixture was cooled at 5X and quenched with wat^, aqueous NaOH (10 %) and filtered 
Filtrate was concentrated to dryness to aflford oude 3-aminomethyH-bCT2yl-4- 
hydroxypiperidine. Yield 2.1 g (89.6 %) C13H20N2O, m/z 221 (M+1), PMR {CDCh): 1.1 - 1.9 
(3H, m, H3 & Hs), 2.1 (IH, m. He), 2.82 (2H, m, H2), 3.4 - 3.96 (3H, m, ife & CH2NH2), 4.16 
30 (IH, m, H4), 4.84 (ZEJ, s, N^^Ar), 7.34 (5H, m, ArH). 

Di-t-butoxycarbonate (2.5 g, 11.45 mmole) was added to the stirred solution of crude 3- 
aniinomethyl-l-benzyl-4-hydroxypiperidine (2.1 g, 9.55 mmole) in a mixture of dioxane - water 
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(80 ml; 2:1) at ambient temperatme. The reaction mixture was stined for 2 lu; concentrated in 
vacuum to diyn^ td give 14>enzyl-344nitoxycaibonylaminomethyl<4-hydroxypi^ 
YiddZS g(82%),Ci8g2jiN2Qj,in/z321 ^+1). 

5 A mixture of 14>en:^l-3-t-butD^caiboaiylanmomellryl-^^ (2.0 g, 625 

mmoie) and 5% palladiuin on carbon (0.4 g) in methanol (30 ml) was stirred at ambient 
tempoature in hydrogen atmosphere (latm.) for 8 hr. Hie cata^\vas filtered ofl^ washed widi 
methanol, and filtrate was concentrated to dryness to afford 3-t4nxto^aniinomediyl-4- 
hydroxypiperidine as oil Yield 0.8 g (56 %), CiHazNaOj, m/z231 (M+l), PMR (CDCI3): 1.4 

10 (9H, S, 3 X CH3), 1.6-i08 (3H, m, Bb &H5), 2.14 - 3.70 (6H, m, H2, &NCH2), 3.9 (IB, 
m, H4), 5.02 (3H, bs, 2 XNH& OH, D2O exchangeable). 

Preparation 27 
3-Fluoro-4-hvdroxvpiperidine 
15 Chlorotiimethylsilane (34 ml, 247 mmole) and dry EtaN (34 ml, 247 mmole) were added 
dropwise respectively to the stirred solution of l-t-butoxycarbonylpiperidin-4-one (20 g, 100.5 
mmole) in dry N,N-dimethyl formamide (40 ml) under nitrogen. The reaction mixtm"e was 
stirred at SO'^C for 26 hr mider nitrogen. The reaction mixture was diluted with hexane (120 ml) 
and washed with cold saturated aqueous NaHCOa (3 x 50 ml) solution. The organic layer was 
20 dried (Na2S04) and concentrated to give l-t-butoxycarbonylpipmdine-4-silylenol ^hor as an oil 
Yield 24.57 g (90%). 

(SelectEh}or™reagent, 14.36 g, 40.59 mmole) was added dropwise to the stined solution of 1-t- 
butoxycarbonylpiperdine-4-sflylenol eth^ (10 36.9 mmole) in dry acetonrtrile (300 ml) und^ 
25 nitrogra over a period of 1 far. The reaction mixture was diluted with ethyl acetate (800 ml)> 
washed with 50% aqueous NaCl sohition (300 ml), saturated NaCl solution (200 ml), dried 
(Ns^S04) and concentrated. The obtained oude compound was purified by on dlica gel column 
diromatogr^hy, elute fiom a nuxture of hexane and ethyl acetate (5:1) fimushed 1-t- 
butoxycarbony-3-fIuorDpiperidin-4-one. 

)0 

Sodium borohydride (0.4 g; 10.78 mmole) was added to the stirred solution of 1-t- 

butoxycarbony-3-ihioroinperidin-4-one (3.8 g, 17.69 mmole) in methanol (125 ml) at O^C over a 

period of 15 min, and stirring was continued for 2 hr at 2S^C. The reaction mixture was 

concentrated to dryness triturated with water (20 ml) and extracted wifli etiiyl acetate. Etiiyl 
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acetate extract was washed with brine sohjtion, water, dried (Na2S04) and concenUated to 
dryness. Tlie obtafaied crude product was purified on sifica gel column chromatography, ehite 
from a mixture of herane and ethjd acetate (4:1) fionished a mixture of two distereomeric 1-t- 
butoxycarbony-3-fluoro-4-hydroxypiperidme (2.5:1) as ofl. "Yield 3.2 g. 

Trifluoroacetic add (10 ml) was added dropwise to the stirred sohition of the above obtained 
mixture of two distereomeric l-t-butoxycaibony-3-fluoro-4-hydroxypiperidine (2.4 g, 10.95 
mmole) in diddoromethane (7 ml) at 0 "C over a period of 15 min. The reaction mixture was 
stirred at ambient temperature for 1 hr, concentrated to dryness in vacuum, methanol (2 ml) was 
added and again dried in vacuum. The residue was dissolved in aqueous 10% NaOH solution 
(10 ml) and extracted with ethyl acetate (3 X 50 ml). Ethyl acetate extract was washed with 
water dried (Na2S04) and concentrated to give quantitatively 3-fluoro^-hydroxypiperidine. 
CjHioFNO, m/z 120 (M+1). 

Preparation 28 
4-Hydioxv-3-methvl-4-trifluorome thvlpiperidine 
Dry tetrahydro&nm (20 nd) was added to a stirred mixture of l^enzyl-3-methylpiperidin-4-one 
(4 g, 19.7 mmole) and (Wfluorometbyl) trimethylsflane (3.35 & 23.64 mmole) at O'C and 
stined for 5 mm. Tetrabufyl ammonhan fluoride (0.05 g) was added to it at 0»C and stirred for 
anoflia-30ininatO°C. The reaction nMXtnre was allowed to vmm to nK)mt<mq)erat^ 
for 3 hr, addified with 2N HQ to pH 2 and extracted wifli ether (3 X 50 ml). Eth^ extract was 
dried (NsteS04) and concentrated in -wacuum to give l4>ai2yl-3.metliylr4-h5rdraxy-4- 
trifluoromethylpiperidine. Yield 5.1 g (95 %), Ci4H«F3NO, m/z 274 (MH). 

A mixture of l4)en2yl-4-hydrojg^3-nie%l-44riflnoromethy!ittpai«ne (5.1 g. 18.68 mmole) 
and 20% palladmm hydroxide (1 g) in methanol (1 00 mQ was sthred in Iqrdrogea atmosphere (1 
atm.) for 12 hr at 35»C. Catalyst was filtered of^ washed with methanol, filtrate was 
concentrated to dryness to give 4-hydroxy-3-methyl-4-trifluoromethyH)iperidine as oil. Yidd 

3.4 g (99 %X C7H12F3NO, m/z 184 (M+1) 

Preparation 29 
4-Hvdroxv-3.3.5-trimethvlpiperidine 
Sodium borohydride (0.2 g, 5.26 mmole) was added to the stirred sohition of l-benzyl-3,3,5- 
trimethylpiperiditt4-one (2.0 g, 8.73 mmole) in methanol (25 ml) at 0 - 5X over a period of 5 
min, and stirring was conticoued for 1 hr at ambient temperatiire. The reaction nrixture was 

concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
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acetate extract vm dried ^^04) and concentrated to diyness to furnish l-benzyl-^-hydroxy- 
3,3,54rimethylpiperidine as oiL Yield 1.9 g (91 %X Ci5BEdNO, m/z 234 (^1). 

A mixture of l4)enzyl-4^hydrcMcy-3^,54rimethylpipOTdm (1.9 & 8.15 nunole) and 20% 
5 palladhjm hydnwde (0.2 g) in medianol (20 ml) was stirred in hydrogen atmosphes^ (1 atm.) for 
48 hr at 35^C. Catalyst was filtered ofl^ washed with methanol, fihrate was concentrated to 
dryness to give 4-hydroxy-.3,3,5-trimethylpiperidine as oil. Yield 1.0 g (87 %X CgHnNO, m/z 
144 (^B-1). 

Preparation 30 

10 3.5-Dimethvl-3-ethvl-4-hvdrDxvpiperidme 

l-Benzyl-3-ethyl-piperidin-4-one (33 g, 152.0 nmiole) was added to the stirred suspension of 
sodhun hydride (9.5 g, 200.0 mmole) in tetrahydrofuran (300 ml) at 32**C and stirring was 
continued for 1 hr. Methyl iodide (30 ml, 490.0 mmole) in dry tetrahydrofiuan (100 ml) was 
addeditatO-5X. Tie resulting imxture stirred at room taiq)«ature for 4 hr,watCT (100 n^^ 

15 ethyl acetate (800 mQ were added respectively. Organic layer was separated, dried (Na2S04) 
and concentrated to gjve cnide product, which was purified through cohunn chromatography. 
Hute fiom 10% ethyl acetate in hexane afforded l-ben2yl-3,5-diniethyl-3-ethylpipmdin-^ 
rield 22.0 g (59 %), Ci^EJiaNO, m/z 246 0^+1). 

20 Sodium boiohydride (0.8 g, 21.0 mmole) was added to the stirred sohition of l-benzyl-3,5- 
dimethyl-3-ethylpipCTidinr4-cne p.O g, 12.25 mmole) m methanol (10 ml) at 0 - 5X over a 
period of 5 nun, and stirring was continued fi)r 1 hr at ambient traiperahire. The reaction 
mixture was concentrated to dryness, triturated with watar (20 ml) and extracted witii efliyl 
acetatei The ed^l acetate extract was dried (Na2S04) and concentrated to dryness to fimnsh 1- 

25 ben25d-3,5-^efliyl-3-ethyl-4-hydro3qT)^ as oil. Yield 2.9 g (96 %), Ci6R25NO, m/z 

248 (M+1). 

A mixture of 14)enzyl-3,5-dimefliyl-3-ediyi-4-hydroxypiperidine (2.9 g, 11.74 mmole) and 20% 
palladmm hydroxide (0.5 g) in methanol (20 ml) was stirred in hydrogen atmosphere (1 atm.) for 
30 8 hr at 35*^0. Catalyst was filtered ofl^ washed with methanol, filtrate was concentrated to 
dryness to give 3,5-dimetiiyl-3-ediyl-4-hydro3qi)ip^dine as oil. Yield 1.7 g (93 %), CyHi^NO, 
m/z 158 (M+1). 
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Preparation 31 
3.S-Diethvl"4-hvdnixy-3'methvlpiperidme 
Sodium borohydride (0.18 g, 4.8 nunole) was added to the stnred solution of l-ben2yl-3,5- 
diethyl-3-inethylpiperidin-4-one (2.0 g, 7.72 mmole) in methanol (20 ml) at 0 - 5®C over a 
period of 5 min, and stirring was continued for 1 hr at ambient tmiperatmiB. The reaction 
mixture was concentrated to dryness, triturated with wato" (20 ml) and extracted with ethyl 
acetate. The ethyl acetate extract was dried (Na2S04) and concentrated to dryness to furnish 1- 
benzyl-3,5-diethyl-4-hydroxy-3-methylpiperidine as oil. Yield 1.8 g (89 %), C17H27NO, m/z 
262 01+1). 

A nuxfure of 14)eii2yl-3^-^e%l-4-hydroxy-3Haaetfaylpi^ (1.8 g, 6,89 mmole) and 20% 
palladium hydronde (0.2 g) in medianol (20 ml) was stirred in hydrogen atmosphere (4 atm.) for 
3 hr at 4S''C. Catalyst was filtered ofi^ washed with methanol, filtrate was concentrated to give 
3,5-diethyl-4-hydraxy-3-methylpiperidme as dH. Yidd 1.1 g (94 %). CiaHaiNO, m/z 172 
(Ntfl). 

S-f-V9-ftaorD-6,7^vdro-8-(4-hvdroxy-44ri^ 

ia5H-benzx)fif(quinoli2ane"2>-carboxvlic acid 
A mfarture of (0-B)-diacetoxy-{S-(->8,9-Muoro-5-methyW,7Hiihydro-^ 
5H-benzo[ij]qumolizine-2-caiboxy}borane (0.0558 g, 0.2 mmole), 4-ltydraxy-4- 
trifluoromethylpiperidine (0.0303 g, 0.3 mmole) and triethjdamine (0.0303 g, 0.3 mmole) in 
DMSO (2 ml) was stirred at 120**C for 20 hr, concentrated to dryness in vacuum. The obtained 
residue was stirred with water and filtered. The precipitate was dissolved IN NaOH and 
repredpitated with Cone. HCl. The obtamed cmde product was purified by prqparative HPLC. 
rield 0.07 g (80 %), m.p. 220-24 *^C, C2oHaoF4N204, m/z 429 (Kff 1), PMR (CDCI3): 1.5 (3H, d, 
CH3, J = 6 Hz), 1.57 ^ 2.28 (6H, m, Hs-, H3' & ifcX 2.64 - 3.6 (6H, m, Hr, H^' & H7), 4.56 (IH, 
m, H5), 8.02 (IH, d, Hio, J = 16.5 Hz), 8.70 (11^ s, H3), 15.1 (IH, bs, COOH, D2O 
escchangeable). 

Example 2 

S-/--V9-fluort>^-7-<fflivdn)-8-^4>livdroxv-3-^ 

benzorij]quinoli2ane^2-cariK)xvlic acid 

A nuxture of ((>.B)-diacetoxy-{S<-)-8,9-difluoro-5-methyW,7-4ih 

5H-benzo[ij]quinolizin^2-caiboxy}borane (0.325 g, 0.8 mmole), 4-hydroxy-3-methyl 

iriperidine (0.45 g, 3.91 mmole) and acetonitrile (15 ml) was heated at 90 OC for 22 hr, 
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conoeiflrated to diyoess in vacmmL The obtained residue was stirred Tvith aqueous NaOH (3. S%» 
ISml) sohitioa for 1.5 Iir, addiJBed with Cone. HO, and extracted ivxQi ethyl acetate (25 ml x 2). 
Oigamc layer was dried over sodhim sulphate and conoentiated to give crude product, which 
was purified by preparative HPLC. Yield 024 g (80 %), m.p. 164-66 OC, C2QH23EN204, mfz 
5 375 Q/L+i), [ap25 -261.4 0(c= 1 %, methanol solution). 

Examples 

S-f->-9*fluoro-6J-dihvdrD-8-(trans>4-fllSVhv^^ 

oxo-lH.SH-ten2ofijiqumolizine-2^caibpxylic ami 
It was prepared in a similar manner as described in example 2, where trans-4-{RS)-hydroxy-3- 
10 (KS)-methylpiperid]ne was used in place of 4-hydroxy-3-methylpip^dine. ^eld 0.8 g (89.6%X 
m.p. 184-86 ^C, [a}o^ - 274 V = 1 methanol sohrtion), C2oH2^204, m/z 375 (M+1), PMR 
(CDCI3): 1.06 (3H, d, CH3, J ^ 6 Hz), 1,54 (3H, d, CH3, J = 7 Hz), 1.57 - 22^ (5H, m, Hss H3' 
& H6), 2.64 - 3.6 (7H, m, Hz', H^', H4' & H7), 4,56 (IB, m, H5), 8.02 (IH, d, Hiq, J = 16.5 Hz), 
8.70 (IH, s, H3), 15.06 (IH, bs, COOH, P2O exchangeable). 
15 Example 4 

S-(-)-9>fluoro-6.7-dihvdro-8-{trans-(+V4-S-hvdroxy-3-S-methy 

oxo-»lH,5H-beD2o[ij]qoinoliziniB^2rcaibq^^ acid 
Method A 

Condensation was earned similariy as described in Example 2, where tran5-(+)-4-S-acetoxy-3-S- 
20 methylpiperidine was used in place of 4-hydro«y-3-mefliylpiperidine. The obtained residue was 
stirred witih aqueous NaOH (3.5%, 25nil) solution for 2 hr at 50""^ acidified with cone. HCl, and 
extracted wAx edbyl acetate^ Organic layer was dried (N%S04) and concentrated-to give raude 
product, T^ch was purified by cohmm chromatography. Yield 3.8 g (33 %X m.p. 214-18 °Q 
[a]D^ - 288.8 \c = 1 %, methanol solution), C;2oH23FN204, m/z 375 (M+1), PMR (CDCfe); 
25 1 .06 (3Bt 4 CH^ J 6 Ife), 1 -54 (3Bt d, CBb. J - 7 Hz), 1 .57 - 2^ ft), 
2.64 - 3.6 (THt m, He, B|. & H7). 4.56 (IH; m, ftX ^02 (IB^ d, Hio, J= 16.5 Hz), 8.70 (IH 
s, Bb), 15.06 (IH, bs, COOH, JhQ exchangeable). 

Method B 

It was prq)ared in a snnilar manner as described example 2, where trans-(+)-4-S-hydroxy-3-S- 
30 methylpiperidine was used in place of 4-hydroxy-3-methyIpiperidine. Yield 1.05 g (45 %), m.p. 
214-18 [a]D^ -288.8 \c = 1 %, methanol sohition), C20H23FN2O4, m/z 375 (M+1). 
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Examples 

S-^V9>fluoro-6-7-dihydro-8--(t^ 

iaSH-ben2Dlli1qamoHzme-2H:aAa2gv^ acid 
Method A 

5 Condensatioa was carried wiularly as described in example 2, \ivlieie l]:ans-(-)-4-R«-aceto}gr-3-R- 
methylpiperidine was used in place of 4<-hydroKy-*3-medrsrlpiperidine. The obtained residue was 
stirred widi aqueous NaOH (3 .5%, 2Snil) solution for 2 hr at 50X, addified widi cone. HCI, and 
extracted with ethyl acetate. Organic layer was dried (NaaSO^) and concentrated to ^ve crude 
product, which was purified by colunm chromatography. Yield 5.8 g (36 %), m.p. 216-18 '^C, 

10 [a]D^ ~ 281 ^ (c = 1 %, methanol solution), C20H23FN2O4, m/z 375 (M+1), PMR(CDCl3): 1.06 
(3H, d, CH3, J-6Hz), 1.54 (3H, d, CH3, J = 7Hz), 1.57-2.28 (5H, m, Hs^Hj- fcH^), 2.64^ 
3.6 (7H, m, Hy, Be', Ba- & H7), 4.56 (IH, ra, HjX 8 02 (IH, d, Hi^ J - 16.5 Hz), 8.70 (IH, s, H3X 
15.06 (IH, bs, COOH, D2O exchangeable). 

Methods 

15 It was pr^ared in a similar mann^ as described m ^cample 2, where trans-(->4-R-hydroxy-3- 
R-methylpiperidine was used in place of 4-hydrox)r-3-methylpq)eridine. Yield 1.01 g (50 %), 
m.p. 216-18 °C, [a]D^-281 V= 1 %, methanol solution), CsxRaPNaOA, ni/z375 (M+1). 

S>f>V9-fluoro-^.7-^vdro-8-fcis-4-fRSVhvdroCT^^ 
20 oxo-lH15H-benzop, )lquinoli2ine-2-carboxvlic add 

It was prepared in a similar manner as described above in Example 4, method A, where ds-4- 
(RS)-acetoxy-3-(RS)-methylpiperidine was used in place of traiis<+)-4-S-aceloxy-3-S- 
methylpiperidme. Yield 0.6 g (93 %), m.p. 140-42 ^C, [afc^ - 227 ^ (c = 1 %, meflianol 
soktion), C20H23FN2O4, m/z 375 (M+1), PMR (CDCI3): 1.06 (3H, d, CH3, J = 6 Hz), 1.6 (3H, d, 
25 CH3, J = 7 Hz), 1.82 - 2. 12 (5H, m, H3', H^' & H^), 2.78 - 3.64 (61^ m, Hr, H^-, & H7), 4.02 (IH, 
m, H4'), 4.54 (IH, m, H5), 8.02 (IH. d, Hiq, J = 16.5 Hz), 8.74 (IH, s, H3), 15.14 (IH, bs, COOH, 
P2O exchangeable). 

The obtained mixture of ds isomers was separated by preparative HPLC on YMC-ODS-AM 
30 column (250X4.6 mm). Ehite from TFA (0.05%) m water -acetonitrile (gradient 0-100 % m 20 
min, flow rate 1.25 ml/min) gave S<->9-ftioro-6,7-^ydix>-8-{ds<+)^S-l5rd^ 
methylpiperidin-l-yl)-5-methyI-l-oxo-lH^5H-beiizop, j]quinolizine-2-cari)0>^lic add 
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(let^on time 12.08 min, lap. 148-52 »C, [ab"* - 230 " (c = 1 %. methanol solution)} and S-(- 
>9-fluoro-6J-dfliydro-8-{(asK-)-4-R-hydK»y-3^^ 

lH,5H-beiizori, j]ciamoHzim>-2-caiboxyUc add {retcaitioii time 12.19 nrin. m.p. 158-60 "C, 
[ab" - 216 " (c » 1 %, metbanol solution)}. 

.<U-V9-fhioro-6 '7-iHl. YA^IcA K +>^^^'vd^ 

m ffl-henmri. ilq»ino1izme-2-cariKMCvae acid 

K was prepaied in a snmilar manner as described above in EKanq)le 4, method A, where dsri+)- 
4-S-acetoxy.3-R-fflefliylpiperidine was used in place of trans-(+)-4.S.acetaqr-.3-S. 
metbylpiperidine. Tidd 0.6 g (93 %), m.p. 148-52 'C. [a]i>« - 230 « (c » 1 %. methanol 
sohrtion), C«Jl23FN204. m/z 375 (M+D, PMR (CDCb): 1 .06 (3Bt d, CH3. J = 6 Hz). 1.6 (3H, d. 
CH3, J = 7 Hz), 1.82- 2.12 (5H, m, H3., Hs- & Ik), 278 - 3.64 (6H; m. Hr, Hss & H7), 4.02 (IH. 
m. H4.). 4.54 (IH. m, H5), 8.02 (IH, d, Hic, J = 16.5 Hz), 8.74 (11^ s. H3), 15.14 (IH. bs, COOH. 
P^O exchangeable). 

Kvatn ple 8 

S./-V9-flnoiti-6 , 7-r«1.vdro.8-fcis - (-^-4-T^-Tivdroxv-3-S-methvbipe 

iH,SH-hftny.o p- i1quinolizane-2-c aiboxvKc acid 
K was pn^wred in a similar manner as described above in Exanqile 4, method A, where cis-(-)-4- 
R-acetoxy-3-S-methylpiperidine was used in place of ttans-(+)-4-S-acetoxy-3-S- 
methylpiperidine. Yield 0.6 g (93 %). m.p. 158-62 "C. [a]o^ - 216 » (c = 1 %, methanol 
. sohitionX C2oHa3EN204, m/z 375 (M+1), PMR (CDCb): 1.06 (3ft d, CH3, J = 6 Hz), 1.6 (3H, d. 
CIfeJ=7Hz). 1.82-2.12 (5B;m,Ife.,H5.&H6X 2.78-- 3.64 (6H,m.Ha.,Hfi..&H7X 4.02 (IH, 

m, Ky), 4.54 (IH. m. H.), 8.02 (IH. d, H,o. J = 16.5 Hz). 8.74 (IH. s. HaX 15-14 (IB. bs. COOH. 
D2O exdiangeable). 

TtvatnpleQ 

;g^--)-0.fh.m^, 7-dihvdrD->U^rfhcixv-3-n ^«^V1pi peri^^^ 

iTmrnp, f|qiiinn1iTitifl-7-rflrhnncylicaxad 
It was prepared in a similar mamier as described above in Example 2, where 4-methoxy-3- 
methyl piperidine was used in place of 4-hydroxy-3.methyIpiperidine. Tield 0.16 g (55 %), m.p. 
160^2 °C, {a}o^ - 254.4 ° (c = 1 %, methanol sohition). CaiHaiFN204, m/z 389 (M+1). 

Example 10 

.'g-r-V9-fhioro-<;7-dihvdnv8-(4-ethoxv-3-methv 'r p^-^'»-1-v<V-^^^ 

j]qiiinnlizi nB-2-carhoxvlic add 
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It xvas pi^ared in a smilar manner as de^^ 

piperidine was used in place of 4'hydro3sy-3-metfaylpiperidine. Yield O.IS g (57 
84X, [a]D^ - 238.6 ^(c^l%, methanol solution), C22H27FN2O4, m/z 403 (M+1) 

Example 11 

S-/-V9-fhioro-6.7-d ih ydTn-8-f4-hvdroxv-34rifluorome& 

IH^SH-benzop- jlquinoli2ipo-2-caiboCTlic adid 
It was prepared in a sumilar manner as described above in Example 2^ wbeie 4rbydr0X)r-3- 
tiifluoiomethylpipOTdine was used in place of 4-liydn)xy-3-methyl piperidine. Yield 0.15 g 
(58%), m.p, 130.35X, C20H2DF4N2O4, m/z 429 (M+l). 

E^cample 12 

S>^V9-fluofo-6.7»dihvdio->843-ethvi-4^ 

j ]quinolizine-2-cari)Oxylic acid 
It was prepared in a similar manner as described above, where 3-ediyl-4-hydro3qT)iperidine was 
used in place of 4-hydroxy-3-methylpipmdine. Tield 0.25g (80 %), ntp.146-48 °C, [a]D^ - 268 
^ (c = 1 %, methanol sohition), C2iH25F1^04, m/z 389 (MM), PMR (CDCI3): 1.02 (3H, t, CHa, J 
= 6 Hz), L61 (3H d, CEt J - 7 Hz), 1,74 - 2^ (71^ m, H3', Bs', Ik & OfcX 2.68 - 3.62 (6H, 
m. By, He&lShX 4.1 (IH, m, H*^), 4.54 (IH, m, H5), 8.06 (IH, d, Hio, J = 16.5 Hz), 8.75 (IH, s, 
H3), 15,1 (IB, bs, COOH, DaO exchangeable). 

Bcample 13 

S-f->V9-fluor<^.7^dihvdro-84;4-hvdrQxv>3-nrnropvte^^ 

benmfi, no uinQlizine^2-cafboxvlic add 
It was prepared in a similar manner as described in Example 2, where 44iydroxy-3-n- * 
prapylpq>md]ne was used in place of 44iydro3qr-3^etfaylpiperidine. Yidd 0.2 g (41 %X ntp- 
170-72°C, C2aBbFN204, m/z 403 (M+lX PMR (CDCI3): 0.9 (3H, t, CH3, J = 6 Hz). 1.2 - 1.5 
(4H, m, 2 X CH2), 1 -56 (3H, d, CH3, J = 7 Hz), 1 .64 - 2.28 (6^ m, H3', Hy, Ife & OH, I^O 
exchangeable), 2.68 - 3.58 (5H, m, Hy, H^' & H7), 4.08 (IH, m, H4X 4.52 (IH, m. Ha), 8.02 
(IH, d, Hio, J = 16.5 HzX 8.72 (IH, % H3), 15.1 (IH, bs, CX)OH, IhO exchangeable). 

Example 14 

S-fJ>-9>fhioro-6.7-<fihvdro-8-/4-hvdroxv-3-isopropvl^^^ 

benzoyl j]quinoli2me-2-carboxyKc acid 
It was prqjared in a similar manna: as described in Example 2, VfberQ 4-ltydraxy-3-isopropyl 
piperidine was used in place of 4-hydroxy-3"methyIpiperidine, Yield 0.2 g (40 %), n^p. 188- 
90X, C22H27FN2O4, m/z 403 QA+IX PMR (CDCfe): 0.9 (3H t, CH3, J = 6 Hz), 1 .02 (3H; t, CH3, 
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J = 6 Hz), 1.58 (3H, d, J = 7 Hz), 1.62 - 2.44 (6H, m. Has Hy, H6 & OH, D2O 
exchangeable), 2.68-3.84 (6H; m, Hy, Be, H7& CH), 4.08 (IH, m, H4), 4.52 (IH, m, H5), 8.04 
(IH, d, HiQ, J« 16.5 HzX 8.7 (IH, s, Hb), 15.1 (Ift bs, COOH, P2O exchangeable). 

S,f,V9-fluoro-6.7Kiihvdro-8-f3>ivbiityl-4-hy&^ 

beDZo[i j]quinolizm&-2-carboxylic add 
It was prq)ared in a similar mann^ as desoibed in Example 2, wehre 3-nrbutyl-4-hydroxy- 
piperidine was used in place of 4-hydro:qr-3-methylpiperidine. Yield 0.1 g (50 %), mp. 176- 
78X, C23H29FN2O4, m/z 417 (M+1), PMR (CDCI3): 0.9 (3H, t, CH3, J = 6 Hz), 1.18 - 1.48 (6H, 
m, 3 X CH2), 1.6 (3H, d, CH3, J - 7 Hz), 1.64 - 2.2 (6H, m, Ife-, Hs', H^ & OH, IbO 
exchangeable), 2.68 - 3.58 (5H, m, Hy, Hg' & H7X 4.1 (IH, m, H4'), 4.56 (IH, m, H5), 8.04 (IH, 
d, Hi(^ J = 16.5 Hz), 8.78 (IH, s, H3X 15.04 (IH, bs, COOH, E^O exchangeable). 

j&cample 16 
S-r-V9ufluoro-fiL7-^vdro-8-r4-hvdroxv-3 

benzQ[L j1quino1izine-2^cart)OxvKc add 
R was prepaied in a similar manner as described ,m Example 2, vfhere 4-hydraxy-3-i50bu^yl 
pipmdine was used in place of 4-hydro5qr-3-mc%lpipOTdine. Yidd 0.75 g (45 %), m.p. 206-8 
''C, C23H29FN2O4, m/z 417 (M+l), PMR (CDCfe): 0.94 (61^ m, 2 X CBaX 118 (2H^ ^ CH2), 
1.6 (3Hi d, CH^ J = 7 HzX 1.68 - 2.2 (6H, m, Hj% Hi-, & OH D2O exchangeable), 2.8 - 3.6 
(6H, m, Hr, Hi;' & HtX 3.68 (Hi m, GET), 4.28 (IH, m, H^O, 4.54 (IH, m, HsX 8.04 (11^ d, Hio, 
J = 16.5 Hie), 8.7 (IH, s. Ha), 15.08 (IH, bs, COOH, D2O exchangeable). 

* Example 17 
S^4-9-fluoro-6.7Hlihydro^3-benzyl-4-hydroxypi^^ 

benzpri flquinoli2ine-2-carboxv1ic add 
It was prepared in a similar manner as described in example 2, where 3-bmzyl-4-hydroxy- 
pipOTdine was used in place of 4-hydroxy-'3-m^yIpiperidine. Yield 0.5 g (50 %), m.p.204 "^C, 
C26H27FN2O4, m/z 451 (M+1). 

Example 18 

S-(-V9-fboro-6.7>dihydro-8"(3>fluoro-4-hvdroxypiperi^ 

benzofi,j 1quiDnli7^Ti6-2-c aiboxviic acid 
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It prq)ared in a similar manner as desoibed in Example 2, vfhere 3-fiuoro-4-liydroxy- 
pipwidine ivas used in place of 4-hydro^-3-metlQrlpipOTdine- Yidd 0,1 g (25 %), m.p. 180 
(decompose), C^^B^jtfjOA, m/z 379 ^1)- 

Example 19 

S^.V9-feniTn.fi7,diWdro-8-QJ^iimethyl-4-hv^ 

benzofljT qutnff ti^ti^7w^ art)oxylic add 
It ipvas prepared in a ^milar manner as described in Bsample 2, where 3^3-dimediyM-hydrQ2gr 
piperidine was used in place of 4-hydrox)r-3-metlEylpipeiidin6. Yield O^g (80 %\ m.p. 220-24 
[a]D^ -143.5 "(c = 1, metbanol), C21H25EN3O4, m/z 389 (M+1), PI^CDCb): 1.05 (61^ 2s, 
2 X CH3), 1.5 (3H, d, CH3, J = 7 Hz), 1.62 - 2.38 (4H^ m, Uy & Hfe), 2.54 - 3.64 (6E^ m, Hy, 
& H7X 4^ (IH, m, H4), 4.54 (IH, m, H5), 8.04 (I^ d, Hio, J = 16.5 HzX 8.76 (IH, % B31 15.0 
(IB, bs, coon D2O exchangeable). 

Example 20 

S-<-)-9-fluoro-^>7>dihvdn)-8-/3,5^methvM-hvdroxvpip^dm^ 

benzofij] quinolizine-2'-carboxvlic acid 
It was prepared in a similar maimer as described in Example 2, where 3,5-dimethyl-4-hydroxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.5 g (40 %), m.p. 208-10 
^C, Czi«i5FN204, m/z 389 PMR (CDCI3): 1.Q5 (6H, m, 2 X CH3), 1.5 (3H, d, CSBb, J = 7 

Hz), 1.62 - 2.3 8 (4H, m, ft-, Hy & Hs), 2.54 - 3.74 (6H, m, Hr, Hc' & H7X 4.5 (2H, m, H4' & 
Hi), 8.04 (IH; d, Hio, J = 16.5 Hz), 8.76 (IH; s, B^), 15.04 (IH, bs, COOH, D2O exchangeable). 

Example 21 

S-(-)'^9-ftooro-6.7-Klihydro>8-{trans-3.S.-dimetfavl^^ 

^a5H-hQn2ff rm qumolizin^2-pai^xyKc ^d 
It was prepared in a similar manner as desoibed in Example 2, whsio trans-3,5-4imethyl-4- 
hydroxypiperidine was used in place of 4-hydnxKy-3-methylpip^dine. Yield 1.0 g (35 %X ni.p. 
140-50 *^C, C21H25FN2O4, m/z 389 (M+1), PMR (CDCI3): 1,05 (6H, d, 2 X Ofe, j = 6.8 Hz), 1.5 
(3H, d, CH3, J = 7 Hz), 1 .83 (2H, m, H3', & H5), 2.21 (2H, m, H^), 2.62 - 2.81 (6H, m, Hr, 
& H7). 4,5 (2H, m, H*' & Us), 8,04 (IH, d, Hiq, J = 16.5 Hz), 8.76 (IH, s, H3), 15.04 (IH, bs, 
COOH, D2O exdiangeable). 

The obtained mixture of trans isomers was separated by prqparative HPLC on YMC-ODS-AM 
column (250X4.6 mm). Hute ftom TFA (0.05%) in water -acetonitrile (gradient 0-100 % in 20 
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min, flow rate 1^ ml/inin) gave early isom^ {letrndon time 10.4 min, ntp. 110 °C, - 
104 ^ (c 1 dilorofonn solution)} and late isomer {retention time 12.7 min, in.p. 210-12 ^C, 
[a]D^ - 191.5 ® (c = 1 %, cUorofonn solution)}. 

J5xampte2? 

S-4^-V9-£boro-^J-dihydfa-8-(ds-3,5^imethvl-4-hv&^ 

lRSH'benzo|li1 quinoli2m&-2-carboxvlic acid 
It was prqjared in a similar manner as described in Example 2, wliere cis-3,5-dimethyl-4- 
hydroxypiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.48 g (50 %), 
mp. 200-02X, C21H25FN2O4, m/z 389 (M-f 1), PMR (CDCI3): 1.05 (6H, d, 2 X CH3, j = 7.2 HzX 
1.5 (3ft d, CH3, J = 7 Hz), 1.81 ^ 2.35 (4H, m, Hs', Hy & Ihl 2.61 - 3.51 (6H, m, Hr, He & 
H7), 4.5 (2H, m, H4' & H5), 8.04 (IH, d, Hio, J = 16.5 Hz), 8J (1ft s, H3), 15. 1 (1ft bs. COOft 
P2O exchaqgeable). 

S4;.>V9>fluonv^.7-^vdro-8-r3J-diethvl-4^hvdrax^ 

hftny/^p j]qiiitin1izin &-2-carbo3cvlic add 
It was piepared in a similar manner as described in Example 2, where 3,3-diethyl-4-hydro3cy- 
piperidine was used in place of 4-hydrosy-3-mefliylpiperidine. Yield 0.63 g (31 %), m.p.126- 
28X. [a]D^ -221 (c « 1 %, methanol sohition), C23H29FN2O4, m/z 417 (M+1) 

S,f.V9-fluoro-6-7-^vdro-8-f3-ethvl-4-hvdroxv-3 -methvlp^^^ 

lH.5H-benzorLi1qu ffl"1i7:'Tift.9^ -carboxvlic add 
It was prepared in a similar maimer as described in Example 2, where 3-ethyl-4-hydrDxy-3- 
metiiyl piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.153 g (81 %), 
m.p. 192-4X, C22H:r7FN204, m/z 403 (M+1), PMR(CDCl3): 0,94 (3ft t, CH3, j = 6 HzX 1.1 (3ft 
s, CH3X 1.3 (2ft m, Cihl 1.58 (3ft d, CH3, J - 7 Hz), 1.68 - 2.3 (5ft m, ft , H6 & Oft D2O 
exchangeable), 2.58 - 3.7 (6ft m, Hy, ft' & H7), 4.28 (1ft m, ftO, 4.54 (1ft m, ft), 8.04 (1ft 
d, fto. J = 16.5 Hz), 8.78 (1ft s, ft). 15.2 (1ft bs, COOft D2O exchangeable). 

Example 25 

S>(-)-9>fhioro-6.7»dihvdro>843-aniinomethvM--hvdrQxvpi 

benzo[tjlquinoli2ine-2>caifaoxvliC add 
A mixture of (0-B)-diacetoxy.{S-(-)-8,9Kiifluoix)-5.meth^^^^^ 

benzo[U]qumolizme-2-caiboxy}boratte (0.77 g, 1.88 mmole), 4-hydroxy-3-(t- 
butoxycarbonylammomethylpiperidine (1.1 & 4.78 mmole) and acetonitrile (20 ml) was heated 
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at 90°C for 6 hr, and concentTBted to dryness in vacuum. The obtained residue was triturated 
vwth -water, filtered and washed witfi water to provide S-(-)-9-fluoro-6,7-dihydro-8-(4-hydro^- 
344nito]qrcai1>onyIanunomethyIpipaidin-l-yI)-5-med^ 

caitoxyUc add. Yield 0.3 g (34 %X m.p. 188-90°C, [a]D^ -209 "(0 = 1%, methanol sohition), 
CjsIfezFNjOft m/z 490 PMR (CDCb): 1.42 (9H, s, 3 X CHaX 1-6 (3H, d, CH3, J = 7 Hz), 

1.75 - 2.32 (5H, m, Ba; H5', & HeX 2.72 - 3.82 (8H, m, NCHa, Hy, Be, H7), 4.05 (IH, m, H»'), 
4.54 (IH, m, Hs), 4.88 (IH, m, NH, D2O exchangeable), 8.02 (IH, d, Hio, J = 16.5 Hz), 8.72 
(IB, s, H3), 15.05 (in bs, OH, DjO exchangeable). 

The obtained S-(-)-9-fluoro-6,7-dihydro-8-(4-hydrojqr-3-t-buto3iycarbonylaminomethyl 
piperidin-l-yl)-5-methyl-l-oxo-lI^5H4)enzo[ij]quinolizine-2-carboxylic acid was refluxed 
widi cone. HQ (2 ml) finr S hr, oonoeotroted in vacuum to dryness, triturated with ether and 
fihered to give tide product as hydrochloride. "Weld 0.21 g (60 %X m.p. 238-40»C, [alo" - 143° 
(c = 0.25 methanol sohitionX C2«>«!4Fl*04JB[Ca, mfe 425 and 426 (^X PMR(DMS0-d6): 
1.46 (3H; d, CH^ J = 7 HisX 1.72 -2J6 (51^ m, Hb, Hy & H«X 2.64- 3.8 (SB, m, NCH2, Hy, 
H^, H7X 4.0 (in m, H»'X 4.92 (IH, m, Bs\ 5.36 (inm.NH.rbO efXchangeableX 7.92 (IH, d, 
Hio, J = 16.5 HzX 9.0 (in s, H^X 15.24 (in bs, On D2O exchangeable). 

Example 26 

S^-)-9-fluoro-6.7Hiihydro-8-(4-hydroxy-4-methvlpiperidin-l-vlV5-methvl-l-oxo-lH15H- 

benzo[i^f|quinolizm6-2-caibox^c add 
It was prq)ared in a similar manner as described in Example 1, v\^ere 4-hydroxy-4-methyl 
piperidme was used in place of 4-hydrojQr-3-trifluoromethyIpiperidine. Yield 0,5 g (42 %), m.p. 
276"*C, [ah" - 283 ° (c = 0.25, methanol solutionX C20H23FN2O4, m/z 375 (M+lX 
PMR(CDCl3): 1.32 (3n s, CHbX 153 (3n d, Ofc, J = 6.8 HzX 1-58 - 2.13 (6n m. By, B3. & 
HfiX 2.68 - 3.61 (7n m. Ha-, H6', H7 & OHX 4.52 (m m, HiX 81 (in d, Hio, J = 12.2 HzX 
8.64 (in s, «»X 15.13 (in bs, COOn D2O exdiangeableX 

Example 27 

5U;->.9-<taoro-^.7-^ydro-&-(4-bydngqM-phenylpipCTidin-l-vl^^ 

U was prorated in a amilar manner as desoibed in Example 1, v^ere 4-faydraxy-4-phenyl 
pqieridine was used in place of 4-hydn)xy-4-trifhioromethylp9eridine. Yield 0.05 g (36 %), 
m.p. 223°C, [ajo^ - 242 " (c = 0.1, methanol sohitionX QaajEN204, m/z 437 QA+l), PMR 
(0X33): 1.64 (3n d, J = 6.5 HzX 1.98 - 2.43 (6n ro, Hr, H^. & ftjX 2.8 - 3.93 (6n m, 
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Hi', Bf,% 4.59 (IH, m, BsX 7.32-7.64 (SB, sn, Arf^. 8 03 (IB^ 4 Hia^, J= 12.4 Hz), 8.70 
(IB, s, Jhl 15.09 (IH, bs, COOH, D2O exchangeable). 

Example 28 
S-f->9-fluon)^7-davdr(>^4-hvdroxv>^ 

PXQ-ffl5g4>enzopflq\iinoK7ane^2<aiboxyfic^ 
It was prepaied in a similar manner as described in example 1 as a mixture of two diastereomers 
(75:25), vAxen 4-hydnixy-3-methyl-4-trifluoiomet]qr^^^ was used in place of 4-hydioxy- 

4- trifluoiomethylpiperidine. Yield 0.35 g (50 %), m.p. 250**C (decompose), C2iQ22iF4N204, m/z 
443 (M+I). 

Example 29 

S>(A»9-fluoro-6.7-dihydro-8-f4»hvdroxv-3-mgthvlpiperidin-l^ 

benzop j]quinolizine'2-carboxylic acid sodium salt dihydi^te 

5- (.)-9-fluoro-^,7-Hlihydn)-8-(4-hydroxy-3-methyIpip 

benzo[iJ]quinoli2ane-2-carbo?^lic acid (1.0 g, 2.6737 mmole) was added to tiie stirred aqueous 
NaOH solution (2.631 ml, 1.0162 N) to obtain a dear solution, which was diluted with distilled 
water (10 ml). The obtained solution was lyophilized to fiimish sodium salt dihydrate as white 
solid. Tield 0.98 g (92.5 %), m.p. 296-98 OC (d), [ap25 -239.4 0 (c 1 %, methanol solution), 
moisture contmt 8.32 % (by Kari Fisher method), m/z 397 (M+l), C20H22FN2O#faJ2H2O, 
found C 55.73, H 6.03, N 6.48 calcd. C 55.55, H 6.01, and N 6.51. 

Example 30 
S-/-V9-fluorD-6.7-dihvdro^{trans-<^+^^ 

axO"lH,SH4)enzo[ij ] qainolizine-2-caifeoxyK^ add arpnin ft salt dibydrate 
Aqueous L-arginine solution (0.441 g, 2.54 mmolei, 15 ml) was added to a stirred solution of S-(- 
)-9-fluoro-6,7-4ihydro-8-{lrans<4>4-S-hydrox^^ 

5H4)enzoOylqainofizin&2-<:arbaxylic add (0.95 & 2.54 mmole) in medianol (40 ml). The 
obtained clear sohidon (filter througjh a micron filter to remove if any suspended impurity is 
Hiere) was concentrated to dryness to gjve arginine salt dit^drate. Yield 137 g (92 %), ntp. 190- 
-92''C (dX [a]D^ -158.4'* (c « 1 %, methanol sohition), Cj^-m^e ZEbQ, ta/z 584 (M*), 
found C 53.09, H 7.22; N 13.96; calcd C 53.42, H 7.02, and N 14 J8, »MR ODSzD): 1-06 (3^ d. 
CSHa J = 6 Hz), 1.54 (3H, d, CHa, j = 7 Hz), 1.57 ^ 2.28 (9H, m, H^^ 

3.6 (9H m, Hr. H^, H*', H7, and NOfc), 4.56 (Ift m, H5), 7.68 (IH, d, Hio, j - 16.1 Hz), 8.42 
(lH,s,H3). 
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Example 31 

S-f-V9-fluoro-6.7-<fihvdro^trans-/>V4^R>l^^ 

lH,5H4)enzD[ij ]qiimoli^n&-2.^M rixi^ add aprinhie salt 3.S hvdrate 
Aqueous L-aigMne sohition (0.441 g; 2.S4 mmole; IS ml) was added to a stirred solution of S-(- 
)-9-fluoro-6,7-dihydro-8-{traiis<-^ 

5H-beiizx>|ij]quiaofi2ine-2^carb^^ add (0.95 g, Z54 nunole) in methanol (40 ml). The 
obtained dear solution (filter fhrougjt a mioion filter to remove if any suspended impxaitj is 
there) was concentrated to dryness to ffve arsmine salt dihydrate. Yidd 1.39 g (93 %), m.p. 188- 
90^C (d), [a]D^ ^167.2° (c = 1 %, methanol sohrtion), C26H37FN(jO^. 3.5HaO, found C 51.15, H 
7.48, N 13.58; calcd. C 51.06, H7.2, andN 13.75, PMRCDjO): 1.06 (3H, d, CH3, j = 6Hz), 1.54 
(3H, d, CH3, j = 7 HzX 1 .57 2.28 (9H, m. Has H5% H6 & 

H4S H7, and NCH2). 4.56 (IB, m. H5), 7.68 (IH, d, Hw, j - 16. 1 Hz), 8.42 (IH, s, Ha)- 

Example 32 

S4;-^V9>fluorD-6.7^hvdro«>8-ftran&-f+)-4-^>hvdroCT-3-S-^ 

axo->ltt5H-bCTZo|'iJlqdno1i' 7:iriiv2-naT^ oxylic add histidine salt 
Aqueous L^histidine sohidon (0.078 g, 0.5 mmolei, 5 ml) was added to a stirred solution of S-(-)- 
9-fluoro-6,7-dihydro-8-{trans<+)-4-S-hydro3^-3-S-methylp^^ 

5H-benzo[y]quinoli2ane-2-caibo;qrlic add (0.187 g, 0.5 mmole) in methanol (10 ml) and 
concentrated to chyness to ^e histidine salt Yield 0.265 g (100 %), m-p. 216*^0, [a]D^ -200°C 
(c = 1 %, 20 % aqueous methanol solution), C26B&2FN5O6, m/z 530 (M+1). 

Example 33 

S-(-V9-fhioiD>6.7-dihvditK8-(trans-f+V4-S-hvdrox^ 

oxQ^iaSHAenzon i1<minoltzin^2.caiboxvKc acid lysine salt 
It was prepared in a similar manner as described in example 32, where lysine was used in place 
of histidine. Tield 0^6 g (100 %), m.p. 204^0, Md^ -174 ° (c « 1 %, methanol solution), 
Ct^FNaOs, m/z 521 (M+1). 

Example 34 
S-M-9->fluQro-6,7Hlihvdfo-8->(trans-(^+V4>S-l^ 

oxo-ia5H4)eDzo[ijlqiunolizine--2-caiboxvlic ^^^^ af^pimuft tnftthyl p^er salt 
A solution L-aipnine methyl ester (0.094 g, 0.5 mmole) in methanol (10 ml) was added to a 
stirred sohition of SK->9-£hioro^J-dihydro-8-{trans<+)-4-S-hydroxy-3-^ 
yl}-5-methyl-l-oxo-lH, 5H-baizory]quinoliane-2-caiboxylic add (0.187 g, 0.5 mmole) in 
methanol (10 ml). The resulting sohition was concentrated to dryness to give arginine metbyl 
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ester saft. YvdA 028 g (99 %\ ntp. 210X (d), [a]i>^ -180 «»C(c = 1 %, mBthanol solution), 

S-f-V9-fhiorn45 , 7.ATivdro-g-{trans-f4VI- S-liy^^ 

am.lH.SH4 >EmDrv ilqumoli2me-2KaAqxytic add histidtne meBwl estef safe 
pi^wied in a similar manner as described in Baample 34, where histidine methyl ester 
was used in place ofL-aigittine methyl ester. Yield 0.27 g (100 %), m.p. 2l<yC [ajo" -219'C 
(c = 1 %, 10 % aqueous medianol sdution), C27HWPN30«, m/z 544 (M+l). 

Example 36 

^-^V9-fluoro^7-«fihvdro-844-acetoxv-3-mrthv lpi peridin-l- vlV5-meth^ 

lypiynp,f{qiitiin1izm e-2-cartoigyKc acid 
Acetic anhydride (0.217 ml, 2.13 mmole) was added to a stirred solution of S-(->9-fluoro-6,7- 
dihydro-8<4-hydroxy-3-methylpiperidin-l-yl)-5-methyl-l-oxo-lH.5H-ben2ory] quinoli2ine-2- 
caiboxylic add (0.2 g, 0.534 mmole) m pyridine (3 ml) at 0°C. The reaction mixture was heated 
at 80-85X fiff 2 hr, concentrated in vacuum to dryness, and triturated with water (20 ml). The 
solid thus sq)arated was filtered, washed with water (10 ml) and dried to give titled product 
Yidld 0.18g (81%), m.p. 140-42°C, [oJd^ - 234»(c = 1 %» methanol solution), QaHajFNaOs, 
m/z 417 OI+l). PMR (0X33): 1.00 ( 3H, d, CHb. J = 7 Hz), 1.62 pH, d, CH3, J = 7 Hz), 2.1 
(3H; 8, COCEb), 1.8-2.38 (4^ n^ By &H<a 2.78-3.5 (5B^ m, Th, Be, Hr), 4.51 (IB, m, Bs), 
4.62 (IH, ffl. EbO. 5.12 (IH. m, H*), 8.02 (IH. d. Hio. J = 17 Hz). 8.72 (IH. s, 15.02 (IB, 
bs, COOB^ D2O exciiasgeable). 

I?xample37 

«;.f.V9-fluQro-6.7-^vdro-8-f4-acetoocv-3.3-dimeth y1piperi^^ 

beii2orLpquiP9liMne-2-caifaoxylic add 
It was prq)ared in a amilar mamier as descia>ed in example 36, where S-(->-9-fluoro-6,7- 
dihydro-8<4-hydro}qr-3,3-dunethylpiperidin-l-yl)-5-mediyl-lKW0-lH,5H-b^ 
qumolizine-2-caihoxyUc add was used in place of S-(->^flnorD-6,7-dihydio-8-(4-hydKwy-3- 
mettiylpiperidin-l-yl>5-methyl-l-<JXO-lE^5H4)enzolw]quin add Yield 

0.035 g (31 %), m.p. 195°C, [ab^ - 170.75" (c = I %, methanol solution), QaHaTPNaOs, m/z 
431 (M+l), PMR (CDCI3): 1.02 ( 6H, 2s, 2 X CH3), 1.54 (3H^ d, CH3. J = 7 Hz), 2.1 (3E^ s, 
COCHb), 1.8 - 2.38 (4B, m, Hs', H«), 2.72 - 3.52 (6B, m, Br, Hp, H7), 4.6 (11^ m, H5), 4.82 
(IH, m. H4'X 8 04 (m, d, Hio, J = 17 Hz), 8.74 (IH. s, B^X 15.02 (IB. bs, COOH, D2O 
exchangetd>le). 
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Example 38 

begggpf ij ]qui"^1i^ft-^ ^<aAoxvlic add 
It was prepared in a sinular manner as descnbed Sample 36, where S-(->9-ihioro-6J-d]hydn>- 
8^4-hydrox/-3-ethylpipendin-l-yO-S-niethy 

add was used in place of S-(-)-9-fUioio-6,7-4ilqrdn>-8-^4-4ydroxy-3-me^ 
mei]iyl-lK>xo-lH,SH4)en20Iijlquinol^ add, Yidd 0.8 g (29 %), m.p.l48-S0X, 

[afc^ - m^'C (c = 1 %, methanol solution), CzjHirFlSbOs, m/z 43 1 (M*), PMR (CDCI3): 0.98 ( 
3H, t, CH3, J = 7 Hz), 1.58 (3H, d, J = 7 Hz), 2.1 (3H, s, COCIfe), 1.18 - 2.38 (6H, m, Hy, 
H6 & CH2), 2.78 - 3.58 (6H, m, Hr, He-, H7), 4.56 (IH, m, H5), 4,76 (IH, m, H3O, 5,24 (IH, m, 
H4'), 8.08 (IH, d, HiQ, J - 17 Hz), 8.72 (IH, s, H3), 15.06 (IH, bs, COOH, D2O exdiangeableX 

Example 39 

S-(->-9-fluon>"6.7-^vdio-8-(4-acetoxv-3-ethyl-3-methvl^^^ 

ia5H-l^p[^lqumo|izin^2^boxylic add 
It was prepared in a similar manner as desmbed in Example 36, where S-<-)-9-fluoro-6,7- 
dihydro-8-(3-ethyl-4-hydroicy-3-methyIpiperidin-l-yi>-5-me^ 

quinolizm&-2-caiboxylic add was used in place of S-(-)-9-fluoit)-6,7-dihydro-8-(4-hydro2gr-3- 
methyl piperidUnrl-yl)-S-methyMH>xo-lH,5H-benzo[ij]quinolizi^ acid. Yield 

0.15 g (90 %), m.p. 212- 14 ^C, [ab^ - 158X (c = 1 %, methanol solution), C24Has;FN205, m/z 
445 (M*), PMR (CDCI3): 0.98 (6H; m, 2 X CB^), 1.58 (3H, d, I 7 Hz), 2.1 (3H, s, 
COCH3), 1.18 - 2.38 (6H, m, Hs', Hj.ft CHal 2.78 - 3.58 (6H, m, Hy, Be. H7), 4.56 (IH, m, 
H5), 4.85 (IH, m, H4'), 8.04 (IH, d, Hiq, J = 17 Hz), 8.72 (11^ s. Ha), 15.12 (IH, bs. COOH, D2O 
exchangeable). 

Example 40 

S4;-V9-fluoro-6.7-dihydro-8<3-methvM-ptvalovloxvptperidin- 

benzo[ij]quinoli2ine"2-carboxvlic add 
Pivaloyl chloride (0.0128 ml, 1.06 mmole) was added to a stirred solution of S-(-)-9-fluoro-6,7" 
dihydro-8-(4-hydroxy-3-methylpiperidin-l-yl)-5-methyl-l-oxo-lH,5^ 

caiboxylic add (0.2 g, 0.534 mmole) in pyridine (3 ml) at 0°C. The reaction mixture was stirred 
at room temperature for 4 hr, concentrated in vaoium to dryness, and triturated with water (20 
ml). The solid thus separated was fittered, washed with water (10 ml) and dried to give crude 
product, vMcii was purified by preparative HPLC. Yield 0.15 g (60 %), m.p. 120-22^C, [a]D^ - 
21 rC (c 1 %, methanol sohition), C25B3iFN20^ m/z 459 (M+1), PMR (CDCfe): 1.01 ( 3H, d, 
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CEb, J = 7HzX 1^ (9H, s, 3 XCKbX 1-58 (3B, d, GBb, J = 7 HzX 1.94-2J2 (4H, m, & 
Bel 2.76 - 3.51 (6^ to, BEr, He, HtX 4.58 (IH^ m, BfeX 4.8 (IB. m, H,.), 5.12 (IH^ m, JUrl 8 06 
(IH, d, Hio, J = 17 Hz), 8.76 (IH, s. Ha), 15.02 (IH, bs, COOH, D2O exchangeable). 

!&cample 41 

S- f-)-9-flnoro-6- 7-dihy<^rn-«- f3-ethvl-4-pivalovloxvDiperidm-l-vlVS-m ethyl-l-ox<>-lH. SSr 

benzofifl qu in^liTin^^-riaThftyylic add 
It was prepared in a similar manner as described Example 40, where S-(->9-fluoro-6,7-dihydro- 
8-<3-^yl-4-hydroxypiperidin-l-yl)-5-melhyl-lK)xo-lH,5H-ben2»pj]quinolizine-2-^^ 
add was used in place of SK->-9-fluoiD-6,7-dihydro-8-(4-hydiDxy-3-methylpiperidin-l-yO-5- 
m^yl-l-oxo-lH,5H-ben2o[ij]quinoli2ane-2-carboxylic add. The obtained crude product was 
purified by preparative BPLC. Tidd 0.105 g (36 %X m.p.l56-58«C, [a]©" - 186.5«C (c = 1 %, 
methanol sohrtion), CjeSfejFNaOs, va/z 473 (M+l), PMR(CDCl3): 0.98 ( 3H, d, CH3, J = 7 Hz), 
1.28(9H,a.3 XCafeX 158 (SB, d, CSBb, J = 7HzX 1.6-2J (6E^, m, Hy, Hs & CH2X 2.78- 
3.48 i€B, in, Ife, Hp. H7X 4.56 (11^ m, HsX 4.7 (IH, in, Eai), 52 (IB, m, B»X 8 02 (IB, d, Hio, 
J = 17 HzX 8-72 (1^ s, H,X 15.12 (IH, bs, COOH, JhQ exdiangeable). 

p5fmiiplft42 

s-r-VQ-fluom-67-^hvdro - 8-r3.3Aethvl-4-ph^ovloxvpipeodip^^ 
iy ,SH4iMizo[ij1quiTin1igana-2pcarboxvlic add 
It was prqiared in a similar manner as described Exanq)le 40, where S-(-)-9-fluon)-6,7-cBhydro- 
8-(3,3-KJimethyl-4-hydro3iypiperidin-l-yO-5-methyl-l-oxo-lB;5H-*M^ 
carboxylio add was used in place of S<-)-9-fluoro-6,7<lilQrdro-8-(4-hydroxy-3-njethylpqjeridin- 
l-yO-5-methyl-lKJxo-lH,5H-benzo|ij]quinolijnn»-2-cat^ add. Yield 0.52g (66 %), m.p. 
215-17'C, C26Hj3FN20j, mfz 473 (M+O, PMR (CDCI3): 1.02 (6H, 2s; 2 X CH3X 1.28 (9H, s, 3 
XCHaX 1-54 (3H, d, CH3, J = 7 HzX 1-8 " 2.38 (4H, m, Hs- & H^X 2.72 -3.52 (6H. m, Hr, Hp 
& HtX 4.6 (IH, m, HsX 4.82 (IH. m. H4.X 8.04 (IH, d, Hjo, J = 17 HzX 8.74 (IH, s, H3X 15.02 
(IH, bs, COOH, P2O exchangeable). 

BvftTn ple 43 

S-(-V9-fluoio-6.7-dihvdro-8-/3-ethvl-3-methvl'4-pivalovloxvp iperidin-l-vlV^ 
1H.5H-benzorLtla iiinf>1irine- 2-cajrboxvlic add 
It was prepared m a amilar manner as described Example 40, vibEK S-(-)-9-fluoro-6,7-dihydro- 
8-(3-ethyl-4-hydroxy-3-methylpiperidin-l-yl>5-methyl-l-oxo-lH,5H4)enzo[iJ] quinoli2ine-2- 
caiboxylic add was used in place of S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-3-methyl 
piperidm-l-yl)-5-methyl-lKnco-lH,5H4)enzo(y]quniolizme-2-^^ acid. The obtamed 
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cmde product vm purified by pieparadve HPLC. Yield 0.05 g (SO %\ ntp. 188-90^Q 
C27H35EN2O5. m/z 487 (M+1) 

JBx^p|e44 

Pivalovloxvmetfavl S-f-V9-fluoro-6.7-^v dro-8-ftrans>4^ 

l"Vl)-5>methyl-l-ox(>-iaSH-benzo[ij]qiunolizm 
Fowd^ed anhydrous potasshnn csobonate (O.OSS g, 0.4 mmole) ^was' added to a stiired solution 
of S<->9-fluoro-6,7-dihydro-8-{trans-4-(RS>hydroxy-^ 

l-oxo-lH,5H-benzo[iJ]quinolizme-2-carboxylic. add (0.15 g, OA mmole) in N^-dimethyl 
fonnamide (5 ml) at SO^C and stirring was continued for 6 hr at SO^'C* CUoro methyl pivalate 
(0.072 g, 0.48 mmole) was added to the resuhmg mixture and stirring was contitmed for 18 h at 
50**C. The reaction naixture was concentrated, triturated with water, extracted with chloroform 
to give crude product, which was purified by chromatography. Yield 0.188 g (96 %), ntp. 198- 
200^C, [a]D^-153 °(0.1%CHCb sohition), C26HfoFN206,in/z489(M+l). 

Example 45 

Acetoxvmethvl S-<;->9-fluoro--6,7-dihvdro-8-{tiMs^ 

Yl>-5>]methy^^px<^lg,S^>benzp[iJ]quinQ|i2ane^2-caA 
It was prqtaied accoiding to procedure described in Example 44, wh^ cUoro methyl acetate 
was used in place of cUoro methyl pivalate. Yield 0.128 g (72 %), ntp 178-80''C, [ab^ - 
165^C (0,1 % CHCh sohition), C23H27EN20<?, m/z 447 (M+1). 

Example 46 

Carbethaxvmethvl S-f->V9-fluoro-6.7-dihvdrb-8-ftrans-4-fRSVhvdroxv^^ 

l-yl}-5-methyl-lK)xo-lH5H-benzopj]quinoliane-2-caibo^^ 
It was prepared according to procedure described in example 44, where ethyl bromo acetate was 
used in place of chloro methyl pivalate Yield 0.141 g (76 %), m.p. 168-70*^0, [a]D^ - 186X 
(0,1 % CHCI3 sohition), C24H29FN2O6, m/z 461 (M+l). 

Example 47 

2-Morph61ino-etiivl S-f>V9-fluoro-^.7-dihvdro-8-(trans-4-fRS>^^ 
methylpiperidin"l-yl}-5-methvl-l-<)xo-lR5H-baizofi,flc[u m9li7:i^ 
4-N,N-I>imefliylamino pyridine (0.061 g, 0.52 mmole), N-2-hydroxyethyl morpholine (0.07 g, 
0.53 mmole) and N,N-dicyclohacylcabodiimide (0.086 g, 0.5 mmole) were added sequentially to 
a solution of S-(-)-9-fluoro-6,7-^ydro-8-{(±)4rans-4-hydroxy-3-methylpiperidin-l^ 
methyl-l-oxo-lB^5H4)en2o[ij]qiiinolizine-2-caiboxylic acid (0.15 0.4 mmole) in a mixture 
of N,N-dimetfayl acetamide (6 ml) and triethyl amine (0.06 ml, 0.6 mmole). The resulting 
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niixtuie ^ms stored for 48 h at lOO^C. The reaction mixture was dihrted with ethyl acetate (SO 
ml), washed with O.SN HG, saturated NaHCQj sQhition and water. Ethyl acetate extract was 
dried (Na2S04) and cdncentrated to give crude product, which was purified by chromatography 
to fiiniish the lequffed product Tield 0.065 g (33 %), m.p. 205-208*'C. [ab^ - 154X (0.1 % 
CHCb sofaitio&X C26Bb4FI^05, m/z 488 ^+1). 

!&cample48 

2-Piperazmo-ethylS-(-V9-fluoro^J--dihvdro>8-ftrans-^ 

piperidin-l-vl)-5-methvl-l-oxo>lR5H-benzofij]quinolizine-2-carb^ 
It was prq)ared according to procedure described in Example 47, where N-2-hydroxyethyl 
piperazine was used in place of N"2-hydro?^ethyl morpholine. Yield 0.045 g (23 %), ntp. 120- 
25^C, [a]D^ - 159X (0.1 % OTCfe solution), C26H35EN4O4, m/z 487 (M+l). 

Example 49 

2-Pym>Kdino>ethvlS-(;"V9-fluoro-6,7>dihvdro-8-{tra^ 

piperidin-l-'vU-S-methyl-l-oxo^lHSH-benzofi^nqui^^o^izin^^ 
It was prepared according to procedure described in Example 48, where N-'2-hydroxyethyl 
pyrrolidine was used in place of N-2*hydrcnsyethyl morpholine. Yield 0.128 g (68 %% m.p. 170- 
75**C, [alo^ - 128**C (0.1 % CRCh sohition), Qt^^^OA, m/z 472 ^+1). 

Example SO 

4-fN-methvlVpiperidinvlS-f-V9-fluoro-6.7--dihvdiD-8- 

piperidin-l-vn-5>methvl-l^XD-lHSH->ben2orLilqmnoliz^ 
It was prepared according to procedure desoibed in example 48, whm 4-hydro?gr-N- 
methylinperidine was used in place of 2-hydroxyethyl-N-4*morpholine. Yield 0.132 g (70 %), 
m.p. 208-10*'C, [a]0^ - 157^C (0.1 % CHCI3 sohition). Ca6Hb4FN304, m/z 472 (M+1). 

Example 51 

S-f->V9-fluoro-6-7-<iihvdro- 8-f3J>di-n-propvl^^^ 

ben2o|'l^]qiimoli2ine-2-carix>xvlic acid 
It was prepared in a similar manner as desOTbed in example 2, where 3,3-di-n-propyl-4-hydroxy 
piperidine was used in place of 4-hydroxy-3-metlQrlpiperidine. Yield 0.21 g (77 %), m.p. 260- 
64X, [ajD^ - 1 77 ® ( c = 1 % methanol sohition), C25H33FN2O4, m/z 445 (Mf 1). 

Example 52 

S-f>V9-fluoio-6,7^hvdro-8-f3J-di-n"butyl>4>hvdroxvpi^ 

benzo|"ij]qmnolizme-Z<»faoxvlic acid 
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It was prqiared in a smiilar manner as describe in Example 2, vihero 3,3-di-n-butyl-4-liydroxy 
piperidme was used in place of 4-liydro}7-3-me%lpipeiidine. l^eld 0.165 g (S7 %\ ntp. 288- 
92**C, [a]D^- 137 °( c = 1 % meflianol solulicm). C27Hb7FNa04, m/z 473 (M+1). 

Example 53 

S-(-V9-fluom-^^7-^vdro-8-(4-hvdroxv-3J-5-1^ 

bftfiTOp j]qninft1iTitift.^2 Hgghoxvlic add 
It was prepared in a similar manner as desoibed in example 2, where 4-hydroxy-3,3,5-trimethyl 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.035 g (30 %), m.p. 178- 
80 °C , C2215S7FN204, m/z 403 (M+1). 

Example 54 

S-(-V9-fluoro-6.7-dihvdrD-844-hvdroxv-3.5-dimethyl-3 

lHL5Hrbenzofij]quinolizine-2-carboxvlic acid 
It was prepared in a similar manner as de^oibed in Example 2, where 4-hydroxy-3,5-dimethyl- 
3-ethylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0,07 g (36 %), m.p. 
182.84X, [a]D^ -176 ® (c = 1 %, medianol solution), Costb^aOA, m/z 417 (M+1). 

S-l-V9-fhioro-6,7-ifflivdro-8-(4-hvdroxv-3.5-di 

iTT^ffl,lwn7i^pj']qiii T i olizine-2-carbo^^ 
It was prq)ared in a similar manner as desoibed in example 2, where 4-hydroxy-3,5-diethyl-3- 
methylpiperidine was used in place of 4-hydtoxy-3-mcaiylpiperidine. Yield 0.04 g (40 %), ntp. 
180.82X , C24H31FN2O4, m/z 431 (M+1). 

Biological Examples 

Miorobiolo^cal and pharmacological studies can be used to determine the relative potency, and 
the profile of spedfidty of die optically pure compounds of the invention as antibacterial agents 
with a spectrum of activity as desoibed in the specification above. 

Biological Example 1 
In-vitro Antimicrobial Test 
The activity of the compounds of the inyeotion in-vitro can be illustrated as follows: 

The comparative antimicrobial activity of the conq)ounds of the invention against various 
mio-oorganisms is ^ven in Table 1. The test method was in accordance with the standard 
NCCXS protocol. 
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Table 1 

CfMnparativeM lcs (aG/m Of The Compoonds Of The 1 







Confound 

@ 


MRSA 


S. pneumoniae ' 


VRE 


E.coU 


P. aeni£^sa 


A 

A 


0.4 


0.2 


6.25 


0.2 


3.12 


B 


0.8 


0.2 


6.25 


0.2 


6.25 


C 


0.8 


0.1 


6.25 


0.1 


6.25 


D 


0.8 


0.8 


6.25 


0.2 


6.25 


E 


1.56 


0.2 


12.5 


0.8 


>12.5 


Re£l* 


1.56 


0.4 


12.5 


0.4 


6.25 


Re£2* 


0.8 


0.2 


6.25 


0.2 


3.12 



Compound A 
S^-).9-fluor<>-6jHiihydio-8-{tians-4^ 
methyrpiperidin-l-yl}-5-methyl-lK>xo-lH,5H-benM j]quiiiolizme-2-carboiX^c add 

Compound B 
S-<->9-fluoro-€,7Hfihydro-8-{ds^ 
l-yt5-methyl-l-oxo-lH^5H4)enzo[i^ jlquinoliz^ add. 

Compound C 

S.(«)-9-fluoro-6,7-^ydro-8-{ds-(-)-4-R-hydroxy-3-S-me% 
yl}-5-methyl-l-oxo-lH,5H-benzo|i, j]quinoIi2ane-2-carfaoxylic add. 

Compound D 
S^.)«9-fIuoro-6,7-dihydro-8-{ds<+)-4-S-hy^^ 
yl}-5-methyl-l-oxo-lH,5H-benzo|i, j]quinoli2ine-2-carboxylic add 

Compound E 

S^-).9-fluoro-6,7-^ydro-8-(3-ethyl-4-hydroxypipOT 
l-oxo-l£^5H-benzo[i, j]quinoIizine'2-caiboxylic add (mixture of ds racemate and trans 
racemate) 

Ref. 1 =BS(±>9-fluoro-8^4'%droxypiperidm.l-yl)-5-me^^ 
dihydro-lK>xo-lH->SH-benzo[y]qumoli2dne-2H:^ add 

* Ref. 2 = S<->9-fluon>-8<4'-hydroxypiperidm-l-yl>5-methyl-6,7-d^ 
OXO-1H-5H- benzo[y]qu]nolizine"2-caibo3j7lic add 
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The compounds of the inveiidon show superior potency in comparison to RS(db).9-fiuoio-8-(4 - 
hydroxypiperidm-l-yI)-5-methyl-6,7-dihydro-l-oxo-lH-5H-^ 
acid and S-(-}-9-&oro-8-(4-hydra5iypipOTd^ 
benzo[ij]quinoIizine-2-caito2ylic add. 

Biological Example 2 

Comparison of a typical conq)ound of the invention vs S-(-')-9-flaoix>-8-(4 -hydra^iperidin-l- 
yI)-5-methyl-^,7-dihydro-l-oxo-lH-5H-benzo[y]quinol^ acid in terms of % 

Killing of Strqrtococd 



Table 2 





4M[C-%Killat8fars. 


Res£2* 


Typical coiiq)Otmd of the invention** 


S. salivarius ATCC 13419 


0 


99.7 


S. pyogenes ATCC 25147 


45.4 


98.4 


S. sangius ATCC 10556 


40 


98.6 


S. pneumoniae ATCC 6303 


50 


99.8 



'^ForRe£2cCabove 

** A ^ical compound of the invention is S-(-)-9-ftaon>-6,7-4ihydro-8-(4-hydrowy-3- 
methylpiperidin-l-yO-S-methyl-l-oxo-lEtSH-benzoJi, j]quinoIi2ine-2-caiboxylic add (mixture 
of cis racemate and trans racemate). 

As seen in the table, dependmg upon the streptococcal strain und^ consid^ation, S-(-)-9-fhjon>- 
8^4'"hydroxypipaidinrl-yQ-5-methyl-6,7-<lihy^^ [ij]quinolizine-2< 
caiboxylic add dth^ Ms to kill (0%) or at best kills only 50% of the population vrhen exposed 
to 4X MIC concentrations for 8 hours. As against tins, a typical confound of the invention 
D^cb has an improved bacteriddal power againt streptococci^ connstenHy brings about killing 
of 99% of strqitococcal populatioa 
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1. A coQ^>ound of fonnula I 



CLAIMS 




coox 



10 



15 



20 



25 



30 



Fonnulal. 

X is hydrogen, X is Ci-Cao alkyl, aralkyl, -(CH2)n-Cmio-OCORM, or (CHaVCHRio- 
OCOzRii wherein Rio is or CKb; n is 0-3 and Ru is Ci-Cm alkyl or substituted Ci-Cs allqrl, or 
aralkyl orRnis 



V 



orXis acetoxymethyl, acetoxyethyl, pivaloyloxymethyl, or pivaloyloxyethyl group; 
orXis 

wherein A is or N, and when A is OEI, Z is m or NCT^ 
O, NH, S, orNCHs ; p is 0 - 2 ; and qis 0-2; 

Ri=R2 = H, Ci-» allqrl, aralkyl, aminoalkyl, trifluoroalkyl, or halogen, except Hbst whai 
Ri=H, is not equal to H; 

Rs is hydrogen, C1-C20 alkyl, glycosyl, aralkyl, Ci-Ce alkanoyl; or 
aminoalkano^ derived fiom alanine, arginine, asparagine, aspartic acid, cysteine, ghrtamine, 
ghitamic add, gjydne, histidine, isoleucine, leucine, lysine, methionme, phenylalanine, proline, 
serine;, threonme, tryptophan, tyrosine and valine^ or the optically active isomers thereof or the 
racemic mixtures thereof or l-annnocydohexylcaibonyl or COORn wherein Rn is as defined 
above, or -(CBbVCHRio-OCORn or -(CH2)irCHRi(rOC00Ru where n,Rio and Rn are as 
defined above, or CeHnO^j, POaCCHa)!!, POaHa, P0a(0CH3)H or SO3H, provided that R2 
andR3 are not equal to Hat the same time; 
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R4 is Cm alkyl, phenyl, sabstitoteda^ 
5-, or 6- of llie piperidine ring, or an optical isomer, diastereomer or enandomer t]i«:eo^ or 
polymorphs and pseudopolymoiphs, and prodrugs thereof or pharmaceutically acceptable salts 
and hydrate thereof 

2. A compound according to daim 1, wherein: 

X = Acetoxymethyl, caibethoxymethyl, pivaloylo:qmaethyl, 2-piperazanoethyl, 2- 
morpholinoefhyl, 2-pyTrolidinoethyl, or 4-N-methyl piperidinyl; 

Ri is CH3, C2H5, n-OH?, i^H7, n-C4H9, i-C4H9, CF3, CH2C6H5, ai2NH2, or Fj 

R2 is H CH3, C2H5, n-C3H7, or n-C4H9; 

R3 is H; CH3, C2B5, COCH3 COC(CH3)3; and 

R4 isH, 5.CH3, 5-C2H5, 4.CH3, 4-CF3, 4-C6H5 or an optical isomer, 

diastereomer or ^lantiomer thereof or polymorphs and pseudopolymoiphs, and prodrug 

thereof or phaimaceutically acceptable salts and lyrdrates thereof 
3* A compound selected from tibe group selected firom: 

S-(-)-9-fluon>^7-^ydn>-8-(4-hydro3qr-3-mel^ 
methyl-l-oxo-lE^5H-benzo[i, j]quinoli23ne-2-carbo^lic acid (mixture of cis racemate and trans 
racemate); 

S<->9-£taoro-6,7HJihydro-&<4-hydro3^-3-mefliylp^ 
oxo-lE^SH-benzo[i, j]quinoIizine-2-carbo?^Iic add sodium salt (nuxture of ds racemate and 
trans racemate); 

S-(-)-9-fluoro-6,7-^ydrcK8-^4-mefli03qr-3-m^ 
oxo-lB,SH-bra2o[i, j]qumoli2ane-2-caiboxylic add (nuxture of cis racemate and trans 
racemate); 

SK>9-fkiorO'^,7-^iIiydro-8-<4-ctho3qr-3-me% 
lH,SH-bCTzoOl jIquinolizme-2-caiboxyfic add (mixture of cis racemate and trans racemate); 

S-<->9-fluoro-6,7-Kiihydro-8-(4-aceto 
l-oxo-lH^5H-benzo[i, j]quinolizine-2-oaiboxylic add (mixture of ds racemate and trans 
racemate); 

S-<-)-9-fhioro-6,7-^iihydro-8-(3-methyl-4«pivalo^^^ 
oxo-lH,5H-benzop, j]quinolizme-2-carbo3iy]ic add (mixture of ds racemate and trans 
racemate); 

S-(-)-9"fhioro-6,7-dihydro-8-{trans-4-(RS>hydroxy-3-(RS>methylpipm 
yl)-5-methyH-<Jxo-lH,5H-benzo[i, j]quinolrdne-2-caiboxylic acid, and isomers, prodrugs and 
salts thereof; 
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S<-)-9-flaoio-6J-^lqrdn>-8-{tiaiis<-)-^^^ 
5*mefli^-l-OKo-lH,SH4>enzoIi, j]qatao1iziae-2-€aibo2ylic add; 

S<-)-9-fhion>-6,7-4ihydro-&-{tians-(-)^^ 
5-mefh:^-l-oxo-lH,SH-beDZo[i, j]qumolizme-2-Gaibo::qrlic acid argbine salt; 

S^.).9Lfhioia-6,7-dihydro-8-{t]:anK+^ 
5-methyH-oxo-lH,5H-ben2o[i, j]qumolizme-2-carbcwylic add; 

S<->9-£taoro-6,7-^ydro-8-{trans-(4>4-S-hyd^^ 
5-methyH-oxo-lB;5H-benzop, j]qumolizuie-2-caiboxyKc add aigiiiine sak; 

S-(.)-9-flnon)-6,7-Kiihydn)-Mti^ 
5-methyl-l-oxo-lH,5H-benzo[i, j]qumoli2me-2-caiboxylic add histidine sah; 

S<->9-fluoro-6,7-d%dn)-8-{trans<+ 
5-methyl-l-oxo-lB[,5H-benzo[i, j^qmnoli2ane-2-caiboxylic add lysine salt; 

S<->9-flaoro-6,7-^ydn>-8.{traiis<4>4-S-^^ 
5-inethyH-oxo-lHI,5H-benzop, j]quinoliane-2-caibo3qrlic add arg^nine methyl ester salt; 

S<-)-9-fhioro-6jHiihydro-8-{traiis-(+>4-S-hyd^^ 
5-meUiyH-oxo-lH5H-benzo[i, j]qumoli2iiie-2-caiboxylic add histidine methyl ester salt 

SK->9-fluoro-6J-KiihydrcH8-{ds^-(RS>hydro^^^ 
5-methyl-l-oxo-lH,5H4)eDzoIi, jlqumoli2ine-2-cad)oxylic add and isomers, prodrugs and 

isomers thereof, 

S-<->9-fluoro-6,7-^ydro-8-{ds-(-)-4-R-hydroxy-3-^^ 
methyl-l-oxo-lH^SH-teizoR j]qiiinoltan©-2-<Mrbo3q^Uc add and prodrugs and salts tttereo^ 

S<->9-fhioro-«,7-^ydro-8-{cis<4^)^SJiydi03^-3-R-me% 
methyl-l-oxo-lH,5H-benzo[i, j]quinoli2ine-2-carboxylic add and prodrugs and salts thereoi^ 

S<->9-&oro-6jMfihydro-8-(4-lQrdroxy-3-trif^ 
me%M-oxo-lBt5H-*cnzo[ijlqmnoBane-2-c^^ and its isomers (mixture of ds 

racemate and trans racmate); 

SK->9-fhioro-6,7^ffliydro-H3,3-dimethyl-4-hydrox^^ 
oxo-lH,SH-b»izo|i, j]quinoli2dn&-2-carboxylic add and its isomers; 

S^.).9-£hioro-6J-^ydro-S-(4-acet03cy^^ 
oxo-lI^SH-benzoO> j]quiQoli^e»2-carboxylic add and its isomers; 

S^.).9-fluoro-6,7-4ihydro-8<3,3-dimethyl-4-pi^^ 
methyl-l-oxo-lH,5H-bOTzo[i, i|quinolizine-2-carboxylic add and its isomOT; 

S^.)-9-fluoro-6,7-dihydro-8-(3-^yl-4-hydro2ypiperidm^ 

lH,5H-benzo[i, j]quinollzin&-2-<^iboxylic add mixture of cis racemate and trans racCTiate; 
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S-(-)-94luoro-6jHfaiydro-8<4nac^^ 
l-oxo-liI,5H-beQZo[i, jlqumolizin&*2-caiboxylic add mixtiire of ds lacemate and trans 
racemat^ 

S^-)-9-fluoio-6jH}ihydro-8-(3-€&yl-4-pivalo 
oxo-l£^5H-benzo[i, j]qumoli2an&-2-Gaiboxylic add and its isomers; 
S-{->9-fhioio^,7-^ydro-8-(3,3-dieihyl'^^ 
benzo[i, j]quinoli2ine-2-caiboxy]ic add and its isomers; 

metliyl-l"K)XO-lH,5H-benzop, j]quinoliane-2-carboxyBc add and its isomers; 

S^.).9-fhioro-6J-dihydro-8-(4-ac»toxy-3-ethyl-3-m 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizme-2-carboxylic add and its isomers; 

S-(.)-9-fluoro-67-^ydro-«<3-ethyl-4-pivaIoyloxy-3-m^ 
methyl-l-oxo-lB^5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

.S<->9-fhion)-6,7-^ydro-8-(3,5-dimethyl-4-hydro?c^^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxyIic add mixture of ds racemate and trans racemate; 

S-(.)-9-fluoro-6,7-dihydro-8-(trans-3,5-dimethyl-4-^ 
methyl-l-oxo-lH,5H-benzo[i,flquinoli2dne-2-car^ isomers, prodrugs and salts 

Ibereol^ 

S^-).9-fluoro-6J-dihydro-8-<ds-3,5-dimetiiyI-4-hydro^ 
methyH-oxo-lH,5H-benzo[i, j]quinoli2ine-2-carboxylic add and isomers, sahs and prodrugs 
tbereo^ 

S<->9-fluoro-^,7-^ydro-M4-bydroxy-3-ti-propylpiperi 

oxo-lH,SH-bGQZo[i, j]quinoli2ane-2-carboxylic add and its isomers; 

SK-)-9-£hioro-6,7-^ydro-8<3,3Hii-nrpn>pyl-4-hydro 
loxo-lB,SH-ben2o[i, j]quinolizine-2-carboxylic acid and its isomers; 

S^.).9.£luoio-6,7-d]hydro-8-(4-liydr0xy-34sopropyl^^^ 
oxo-lH,SH4)enzo[i, j]q[uinolizin&-2rcarbo39lic add and its isomers; 

S-<->9-£Iuoro-6,7HiBhydro-8-(3-n4)utyl-4-hyd 
oxo-lI^SH-beD2o[i, j]qi]inoliane-2-carboxylic add and its isomers; 

S-<7)-9-fboro-6,7Hiihydro-8-<3,3-di-n-4nityI^^ 
l-oxo-lH,SH-benzo|^ j]quinoliane-2-Gaiboxylic add and its isomers; 

S-(-).9-fluoro-6,7sJihydio-8<4-hydroxy-3-iso4n^ 
oxo*lH,SH-benzo[i, j]quinoli^e-2-caiboxylic add and its isomers; 
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S-(->9-ftaoro-6,7-^ydio-8-(3-beo2yl^ 
lH,SHrbenzo[i, j]qumolizme-2-caxbo^lic add and its isomm; 

S-(-)-9-fluoix>-6,7-<iihydix>*(4Thy^ 
oxo-lH 5H-benzo[i, j]quiiiolizme-2-cail702r$rlic add; 

S^-)-9-fluoix)-^,7-^ydro-8-(4-hydroxy-4-triflw 
me<hyl-l-oxo-lH,5H-benzo[i, j]quinolmne-2-carboxylic add; 

S-(-)-9-£Iuoro-6J-^ydm-8-(4-hydroxy-4-phpnyl^ 
oxo-lH, SH-benzop, j]quinolizme-2-cari)Oxylic add; 

S.(-)-9-fluoro-6,7-dihydn)-8-{4-hydror/-3-methyM-t^ 
yl)-5-methyH-oxo-lH,5H-benzo[i, j]qumolizme-2-carboxylic add and its isomers; 

S^-)-9-fhioit)-6,7-dihydro-8-<3-fluoro-4-hydroxypiperidi^ 
IH, 5H-benzo[i, j]qiiiiiolizme-2-carboxylic add and its isomers; 

S-(-)-9-£boro-6J-dihydro-8-<3-aminomethyl-4-hydro3^ 
l-oxo-lIiSH-beDzo[i, j]quinolizineH2-carbo5qrlic add and its isomers; 

S-(-)-9-£horo-6,7-dihydro-8-<4-hydroxy-3,3,5-trimetliylpiperi 
lH>xo-lH,5H-benzo[i» j]quinoIizine-2-catboxylic acid and its isomers; 

S-(->9-fluoro-6,7-^ydro-8<3,5Mlimcthyl-3-^ 
methyl-lK>xo-lB^SH4>enzo[i, j]quinolizine-2-caii>oxylic add and its isomers; 

S-<->9-fluoro-6,7-dKhydro-8<3,5-diethyl-4-hydroj(y-3-meA^^ 
metfayl-lK>xo-lH^SH-benzo|i, jlqiiinoli23ne-2H»rbosyfi^ add and its isomers; 

Pivaloyloxymethyl SK->9-fluoio-6,7^ydio-8-{tians-4<RS>hydroxy-3-(^ 
methylpiperidin-l-yl}-5-metliyl-lK)xo-lH»5H-bwizo 

Acet05qrmethyl SK->9-fluoro-6,7-<ffliydro-8-{tmi&^^^ 
methylpiperidin-l-yl}-5-metJiyI-lK)TO-lH,5H-bCTzo|ij]q^ 

CaAethoxymelhyl S-(-)-9-£hioro-6,7-^dro-S-{tians-4-^ 
methylpiperidin-l-3d}-5-methyl-l-oxo-lH»SH-b»izo|i^^ 

2-Piperazino-ethyl S"(-)-9-fluoio-6,7-dihydro-8-{trans.4-(RS>h^ 
methylpip€ridin-l-yl)-5-methyl-l-oxo-lH,5H-bcnzorij]qum 

2-MoiphoKno-efliyI S<->9-fluoiD-6J-dihydro-8-{trans4-<ll^ 
methylpiperidin-l-yl)-5-mdhyl-lK)xo-lH,5H-beozo[ij]quinol^ 

2-Pyrrolidino-etiiyl S-(->9-fluoK)-6,7-dihydro-8-{trans-4-(RS)-hydro 
3-(RS)- methyl piperidin-l-yI}-5-methyI-l-oxo-lH,5H-benzx)[iJ]quinoli2me- or 

4-(N-methyl>piperidinylS<-)-9-fluoro-6,7-dihydro-8-{t^ 

3-(RS>methylpiperidinrl-yl}-5'methyl-l-oxo-1^5H-ben20p^ 
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4. A method for preparing S-(->9-fluoro-6,7-daiydro-8-(3- or 4- or 5-siibstituted-4- 
hydroxypiperidin-l-yl>5-methyl-l-oxo-lH,5H4)e^ add 
coniprising the steps of heating a mixtu^ (0-B)-diacetoxy-{S-(-)-8,9-difluoro-5-methyl- 
6,7-^ydn)-5-methyl-l-oxo-lH^5H-benzo[ij] quinoIi2me-2-carboxy}borane and 3- or 4- or 
S-substituted-4-hydro3Qfpiperidine in an organic solvent , optionally in the presence of a base 
at 50 ® - 120 for 4 - 24 hr. 

5. A method for preparing S-(7>-9-fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4- 
aIkanoyloxypiperidin-l-yO-5-methyl-l-oxo-lB^5H-benzo[ij]qi^ add 
conq)rising the steps of stirring a mixtine of S-(-)-9-fluoro-6,7-dihydro-8-{3- or 4- or 5- 
substituted-4-hydroxypiperidm-l-yl)-5-methyl-lH>xo-lH^5H-^ 

caibo^lic add with an appropriate alkanoylating ag^ in presence of a base in the presence 
or absence of an organic solvent at 0^ - lOO^C for 0.5 - 8 hr . 

6. A method for prq)arii]g alkanoylo^methyl S-(->9-fluoro-6,7-dihydro-8-{tians-4-hydroxy- 
3-methylpiperidiii-l-yl>5-me%l-lKXxo-l£^5H-ben2x>[u]q^ 

conq)riang the steps of treating S'<->9-fluoro-6,7-dihydro-8-(4-hydro3iy-3-mediyIpiperid2n- 
l-yr^5-methyl-l-oxo-lB,5H-4>enzo [iJ]quinoli2ane-2-caifooxylic adda with halomethyl 
alkanoate in presence of a base in the presence or absence of an organic solvent at 0"^ - lOO^'C 
for2-24hr. 

7. A method for prqmring h^erocyclic amino/heterocyclic aminoall^l S-(-)-9-fluoro-6,7- 
dihydro-8-{trans-4-hydroxy-3-mefliylpiperidm-l-yl)-5-methyl-l-ox 

qQinoHzine-2-carbox^late comprising the steps of treating S-(->-9-fluoro-6^7-dihydro-8'-(4- 
lqrdro3gr-3-methylpiperidin-l-yQ-5-m^yl-l-oxo-lB,5H4>e fy] qumolizme-2-carboxylic 
add with hydroxy heterocyclic anune/hydro^alkyl heterocyclic amine in presence of a base^ 
in die presence of a condensing agent and m the presence or absence of an organic solvent at 
50*-100^Cfor2-48hr. 

8. A composition comprising a compomid according to daim 1 and an exdpient^ diluent, 
solvit or carrier. 

9. A conq)osttion comprising a compomid according to claim 2 and an exdpient, diluent, 
solvent or carrier. 

10. A composition comprising a compound according to claim 3 and an exdpient, diluent, 
solvent or carrier. 

11. A method for treating an infection comprising administering an effective amoimt of a 
compound according to daim 1 to a patient in need thereof 
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12. A meliiod for treating an infection comprising administering an eflfective amount of a 
compound according to dium2toapatieotinneedtiiereof. 

13. A method fi>r treating an infecti^m conqniang adnunisteriog an efifective amount of a 
conq>ound according to daimS to a patient in need tiureof 

14. A method for treating an infection caused by gram-positive organisms, gramrnegative 
organisms, mycobacterial infections or nosocomial infections comprismg administering an 
effective amount of a conqwund according to daim 1 to a patient in need thoeof 

15. A mediod for treating an infection caused by gram-posifive organisms, gramrn^ative 
oiganisms, mycobacterial infections or nosocomial infections comprising administering an 
effective amount of a compound according to claim 2 to a patient in need tfiereof 

16. A mefliod for treating an infection caused by gram-posifive organisms, gramrnegative 
organisms, mycobacterial infections or nosocomial infections comprising administering an 
elSective amount of a conq>ound according to daim 3 to a patient in need thereof 
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